
Morbidity and Mortality Weekly Report

MMWR / March 25, 2011 / Vol. 60 / No. 11 343

Since 2008, approximately 30,000 Bhutanese refugees have 
been resettled in the United States. Routine medical examina-
tions of refugees after arrival in resettlement states indicated 
hematologic and neurologic disorders caused by vitamin B12 
deficiency. These cases were reported by examining physicians 
and state health departments to CDC, which initiated an 
investigation. This report summarizes the results of that inves-
tigation. Sera from overseas medical examinations, postarrival 
examinations in three state health departments (Minnesota, 
Utah, and Texas), and medical records and interviews at a 
health clinic in St. Paul, Minnesota, were evaluated. Vitamin 
B12 deficiency, defined as serum vitamin B12 concentration 
<203 pg/mL, was found in 64% (63 of 99) of overseas speci-
mens, 27% (17 of 64) of postarrival medical screenings, and 
32% (19 of 60) of Bhutanese refugees screened for vitamin 
B12 deficiency at the St. Paul clinic. Although the deficien-
cies might be multifactorial, the main cause is thought to be 
the diet consumed by these refugees for nearly two decades 
in Nepal, which lacked meat, eggs, and dairy products, the 
major dietary sources of vitamin B12. Additionally, infection 
with Helicobacter pylori might play a role. Clinicians should 
be aware of the risk for vitamin B12 deficiency in Bhutanese 
refugees. All Bhutanese refugees should be given nutrition 
advice and should receive supplemental vitamin B12 upon 
arrival in the United States. In addition, refugees with clinical 
manifestations suggestive of deficiency should be tested for 
adequate serum vitamin B12 concentrations and, if found to 
have a B12 deficiency, screened for underlying causes, treated 
with parenteral vitamin B12 or high-dose oral supplements, 
and evaluated for response to therapy. 

Approximately 108,000 ethnic Nepalis were forced from 
their longstanding homes in Bhutan in the early 1990s and 
have since been living in Nepal. Since March 2008, approxi-
mately 30,000 Bhutanese refugees have arrived in the United 
States, with many more expected. In the Nepalese camps, 
rations provided by the World Food Programme and the 
United Nations High Commissioner for Refugees consist 
of rice, lentils, chickpeas, vegetable oil, sugar, salt, and fresh 
vegetables (1). Only certain refugees, including young and 
malnourished children, pregnant and lactating women, and 
active tuberculosis patients, receive additional rations and 

multivitamin supplements. A locally made, fortified, blended 
food containing vitamin B12 and other micronutrients is 
available in Nepalese camps but might not be consumed 
regularly by all refugees. Other micronutrient deficiencies, 
including vitamin B2 (riboflavin), have been identified in 
this population (2). 

This investigation examined three sources of data: 1) test 
results from sera collected during overseas medical examina-
tions, 2) results of postarrival examinations collected by three 
state health departments, and 3) medical records and interviews 
at a health clinic in St. Paul. CDC’s Migrant Serum Bank 
contains de-identified surplus serum specimens collected dur-
ing mandatory overseas medical screening examinations for 
refugees. Serum vitamin B12 concentrations were tested in 99 
randomly selected specimens from adult Bhutanese refugees 
collected during December 2007–November 2008. Total 
serum vitamin B12 was measured using the Roche E-170 auto-
mated electrochemiluminescence immunoassay. Vitamin B12 
deficiency, defined as a serum concentration of <203 pg/mL 
(150 pmol/L) (3), was detected in 63 (64%) refugees, including 
28 (60%) females and 35 (67%) males (Table 1). 

Serum vitamin B12 concentrations were measured during 
the postarrival medical screening examinations for all resettled 
refugees in three states during September 2010–January 2011. 
The 326 refugees screened came from 12 countries of origin, 
including Bhutan (Table 2). Of the Bhutanese tested, 32% 
(17 of 53) of persons aged ≥15 years were B12 deficient. None 
of the 13 children aged <15 years were B12 deficient, and 
the median level decreased with increasing age group. Other 
than the Bhutanese, only the Somali population had any 
B12-deficient persons (10 [12%] of 82 screened).

Medical records were reviewed for 141 Bhutanese refugees 
seen at a health clinic in St. Paul during June 2009–January 
2011; 60 had serum vitamin B12 levels tested, and 19 (32%) 
were B12 deficient. Only one (7%) of 14 children aged 
<15 years was B12 deficient. None of the 19 B12-deficient 
patients were anemic; however, four (21%) had macrocytosis, 
and two (11%) had peripheral neuropathy (Table 3). Of six 
B12-deficient patients tested for antibodies to H. pylori, a 
potential cause of vitamin B12 deficiency, five were positive, 
whereas only one of four nondeficient patients was positive.
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* Additional information available at http://ods.od.nih.gov/factsheets/
vitaminb12.
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Editorial Note

Vitamin B12, or cobalamin, is obtained naturally only from 
products of animal origin, including meat, eggs, and dairy 
products, but also is supplied in Western diets by fortified 
cereals. The recommended dietary allowance for adults is 2.4 
µg/day.* Vitamin B12 deficiencies lead to delayed DNA syn-
thesis resulting in megaloblastic anemia, peripheral neuropathy, 
and other neurologic signs (4,5). The deficiency commonly is 
caused by low dietary intake or food-cobalamin malabsorption 
disorder, which usually is associated with atrophic gastritis, 
with or without H. pylori infection (4). The deficiency also can 
be caused by an inherited or acquired lack of the intrinsic factor 
required for absorption of vitamin B12, a condition known 
as pernicious anemia. A recent World Health Organization 
Technical Consultation recommends a threshold of <203 pg/
mL (150 pmol/L) for describing population-level deficiencies; 

TABLE 1. Vitamin B12 deficiency in adult Bhutanese refugees under-
going overseas medical screening examinations, by age group and 
sex — Nepal, 2007–2008

B12 <203 pg/mL*

Characteristic No. (%)

Sex
Female 28/47 (60)
Male 35/52 (67)

Age group (yrs)  
 15–29 26/44 (59)
 30–49 14/30 (47)
 ≥50 23/25 (92)
Total 63/99 (64)

Source: CDC Migrant Serum Bank.
* Serum total vitamin B12 was measured at CDC using the Roche E-170 

automated electrochemiluminescence immunoassay.

TABLE 2. Proportion of refugees with vitamin B12 deficiency (with 
median and interquartile range of vitamin B12 concentrations), by 
country and by age group and sex for Bhutanese refugees — 
Minnesota, Utah, and Texas — September 2010–January 2011

Characteristic

B12 <203 pg/mL
B12 pg/mL

No. (%) Median
Interquartile 

range

Country
Bhutan 17/64 (27) 262 (197–323)
Burma 0/107 — 480 (365–636)
Democratic 

Republic of 
the Congo

0/1 — 413 (413–413)

Cuba 0/3 — 278 (253–294)
Eritrea 0/5 — 401 (235–421)
Ethiopia 0/15 — 363 (297–526)
Iraq 0/33 — 368 (304–457)
Kyrgyzstan 0/4 — 695 (432–1,120)
Laos/Hmong 0/9 — 712 (247–753)
Liberia 0/2 — 881 (791–970)
Somalia 10/82 (12) 350 (257–498)
Sudan 0/1 — 486 (486–486)

Total 27/326 (8) 369 (272–517)

Age group (yrs) 
(Bhutanese)

  

 <15 0/13 — 315 (270–431)
 15–29 9/28 (32) 259 (193–321)
 30–49 7/16 (44) 238 (190–292)
 ≥50 1/7 (14) 233 (206–282)
Sex (Bhutanese)

Female 9/31 (29) 258 (194–330)
Male 8/33 (24) 273 (206–310)

Sources: Minnesota Department of Health, Utah Department of Health, and 
Texas Department of State Health Services. 

TABLE 3. Bhutanese refugees tested for vitamin B12 deficiency, by sex 
and medical condition — St. Paul, Minnesota, June 2009–  January 2011

Characteristic

B12 <203 pg/mL B12 ≥203 pg/mL Total

No. (%) No. (%) No. (%)

Female sex 8/19 (42) 27/41 (66) 35/60 (58)
Anemia* 0/19 — 5/41 (12) 5/60 (8)
Macrocytosis† 4/19 (21) 0/41 — 4/60 (7)
Peripheral 

neuropathy
2/19 (11) 0/41 — 2/60 (3)

Helicobacter 
pylori§

5/6 (83) 1/4 (25) 6/10 (60)

Source: HealthPartners Center for International Health, St. Paul, Minnesota.
* Hemoglobin <12 g/dL.
† Mean corpuscular volume >100 fL.
§ H. pylori antibody or antigen positive.

http://ods.od.nih.gov/factsheets/vitaminb12
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however, clinical deficiencies occasionally can be observed at 
higher serum levels (3). In the United States, the prevalence 
of deficiency is low (<1%–6%) (6). In the developing world, 
deficiencies are more common because of limited access to 
products of animal origin (7). In a survey of pregnant Nepali 
women conducted during 1994–1995, 49% demonstrated 
dietary B12 deficiency, with serum B12 concentrations <150 
pmol/L (8). 

Analysis of the three data sources described in this report 
suggests prevalent vitamin B12 deficiency in the Bhutanese 
refugee population. The highest proportion of B12 deficiencies 
(64%) was observed in the testing results from serum collected 
in overseas screening examinations during 2007–2008. Lower 
proportions (27% and 32%) were observed in samples collected 
in the United States during 2009–2011. This might be explained 
by possible recent improvement in nutrition in the camps 
(although no official ration changes were made) or a higher 
proportion of children aged <15 years in the domestic samples 
from 2009 to 2011 (approximately 5–10 years are required for 
body stores of vitamin B12 to become depleted) (4). Of concern 
in this population is the unusually high proportion of young 
and middle-aged adults affected; breast-fed infants of moth-
ers who have vitamin B12 deficiency can develop permanent 
neurologic damage (9). The most likely cause of the deficiency 

in this population is inadequate dietary intake; however, other 
secondary causes, such as chronic gastritis, potentially caused 
by H. pylori infection, cannot be ruled out. Infection with H. 
pylori was more prevalent among B12-deficient patients in a 
small group that was tested. Further investigations will seek 
the underlying cause and determine the prevalence of other 
micronutrient deficiencies in this population.

The findings in this report are subject to at least three limita-
tions. First, the three-state postarrival screening data sample 
was incomplete. Only one clinic in Texas participated, although 
numerous clinics conduct refugee screening in that state. In 
Minnesota, vitamin B12 concentrations were returned for only 
49% (231 of 476) of refugees screened during the investiga-
tion period because of delayed reporting. Second, the limited 
screening data available for Bhutanese children aged <15 years 
make drawing conclusions about vitamin B12 deficiency in 
this age group difficult. However, because children and nursing 
mothers receive micronutrient supplementation in the camps 
(1) and deficiency takes years to develop, children might be less 
likely to be deficient. Finally, because refugees are at risk for 
serious health problems other than micronutrient deficiencies 
that are a priority for clinicians during screening examinations, 
underscreening or underrecording in the St. Paul medical 
records of any potential clinical manifestations of vitamin 
B12 deficiency might have occurred. The prevalence of the 
signs and symptoms of vitamin B12 deficiency most likely is 
underestimated in this report.

The results of this investigation suggest that all Bhutanese 
refugees should be provided with nutrition advice that empha-
sizes consumption of foods containing vitamin B12 and should 
receive oral supplementation for a minimum of 30 days upon 
arrival in the United States. Although no specific guidelines 
exist, two recent studies indicate that the lowest dose of oral 
cyanocobalamin needed to normalize metabolites in subclini-
cal vitamin B12 deficiency is 500–1,000 µg daily.† During 
postarrival medical screening and follow-up examinations, this 
population should be screened for clinical signs and symptoms 
of the deficiency, such as megaloblastic anemia, peripheral neu-
ropathy, and other neurologic disorders (4,5). Those exhibiting 
these conditions should be tested for adequate serum vitamin 
B12 concentrations and underlying causes of vitamin B12 
deficiency (e.g., H. pylori). B12-deficient patients should be 
treated with parenteral or high-dose oral vitamin B12, given 
appropriate treatments for underlying causes, and carefully 
monitored to assess response to therapy (10). In addition, 
clinicians should consider that other nutritional deficiencies 
are a concern in Bhutanese and other refugee populations. 

What is already known on this topic?

Vitamin B12 deficiency is rare in the United States, except 
among the elderly. It is more common in the developing world 
because of lack of access to products of animal origin and 
fortified foods. Vitamin B12 deficiency leads to megaloblastic 
anemia, peripheral neuropathy, and other neurologic condi-
tions that can become untreatable with supplementation after 
long-term deficits. 

What is added by this report?

Approximately 30,000 Bhutanese refugees have resettled to the 
United States since 2008, with many more expected before 
resettlement is complete. A substantial proportion (approxi-
mately 30%–60%) of Bhutanese refugees are deficient in 
vitamin B12, most likely because of a lack of vitamin B12 in their 
diet in refugee camps in Nepal.

What are the implications for public health practice?

All Bhutanese refugees should be given nutrition advice and 
should receive supplemental vitamin B12 upon arrival in the 
United States. Refugees with clinical manifestations suggestive 
of B12 deficiency should be tested for adequate serum vitamin 
B12 concentrations and, if found to have a B12 deficiency, 
screened for underlying causes, treated with parenteral vitamin 
B12 or high-dose oral supplements, and evaluated for response 
to therapy.

† Additional information available at http://www.cdc.gov/ncbddd/b12/
documents/b12-030910.pdf.

http://www.cdc.gov/ncbddd/b12/documents/b12-030910.pdf
http://www.cdc.gov/ncbddd/b12/documents/b12-030910.pdf
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