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Abstract

Histoplasmosis is known to be endemic to the Midwestern United States, but cases have been 

reported throughout much of the world. Somali, Hmong, and Burmese (ethnically Karen) persons 

make up some of the largest refugee populations coming the United States in recent years. Yet, 

information about risk of Histoplasma capsulatum infection amongst these populations is limited. 

This study used the CDC Migrant Serum Bank to test ~100 samples from each of Somali, 

Burmese, and Hmong U.S.-bound refugees. Samples were tested by enzyme immunoassay for 

Histoplasma capsulatum IgG. Overall 1% (2/299) of refugee serum samples were positive for H. 
capsulatum IgG. One of 99 samples obtained from Hmong refugees was positive, and the other 

positive sample came from among 100 Burmese refugee samples. H capsulatum IgG positivity 

was detected at low levels in Hmong and Burmese refugees. No IgG positivity was detected 

among 100 Somali refugees.
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Background

Histoplasmosis is the most common endemic mycoses in the United States [1]. While most 

infections are asymptomatic, a subset of those infected go on to develop pulmonary 

symptoms and dissemination may be fatal [1]. Histoplasma capsulatum infection is often 

thought of as a disease of the Ohio and Mississippi River valleys in the United States [2–4]. 

More recently, areas outside of North America such as parts of Central and South America, 

Africa, and Asia have been recognized as endemic to histoplasmosis [5–7]. In HIV cohorts 

in Latin America, histoplasmosis is increasingly reported and is now considered one of the 

most common opportunistic infections [8]. However, the global distribution of 

histoplasmosis is largely unknown.

We sought to obtain more information about histoplasmosis in refugee groups, specifically 

Burmese (Myanmar—ethnically Karen), Hmong (from Laos), and Somali refugees given the 

large numbers of persons from these groups that have come to the United States in recent 

years. From 1975 to 2014 over 1,300,000 refugees entered the United States from East Asia. 

Though 900,000 were from Vietnam, nearly half of the remainder came from Laos [9, 10]. 

From 2007 to 2015, nearly 150,000 refugees were admitted from Burma [11]. Prior to 

entering the United States, Burmese and Hmong refugees resided in refugee camps in 

Thailand [12]. The Hmong, whose camps were in northern and eastern Thailand, did not 

travel frequently to Laos (due to geography and the political situation) [12]. The Burmese, 

whose camps were on the border in western Thailand, had fairly frequent and fluid travel 

between western Thailand and Myanmar [12]. From 1975 to 2014 over 100,000 Somali 

refugees have come the United States [13], with over 52,000 coming from 2007 to 2015 [11, 

13]. The Somali refugees who samples were tested in this study had spent a majority of their 

time in camps in northern and central Kenya.

There is only limited information available of histoplasmosis in the regions from which 

these populations came to the United States [14–20].

Refugees undergo a required medical exam prior to entering the United States. This 

examination includes testing for excludable communicable diseases (e.g. syphilis, 

tuberculosis, gonorrhea, and leprosy) that would preclude the refugee from entering the 

United States. The Centers for Disease Control and Prevention established the Migrant 

Serum Bank in 2002. The Migrant Serum Bank collects leftover unidentified serum samples 

from refugees who undergo this examination. The goal of the serum bank is to allow for 

greater understanding of emerging infections that affect migrant populations [21].

This study sought to provide information on exposure to, and potential risk of, exposure to H 
capsulatum in populations from Laos (Hmong), Myanmar (Burmese), and Somalia who had 

resided for prolonged periods in western, northern, and north-eastern Thailand and northern/

central Kenya. To our knowledge none of these populations have had serological data 

published with reference to histoplasmosis, and none have had skin testing published in at 

least three decades [15, 17, 18, 20].
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Methods

At the time of study, 15,616 sera of adults ≥19 years of age were available for Somali, 

Burmese, and Hmong refugees in the Migrant Serum Bank (stored at −70 °C). Of the total 

available sera, 100 samples for each population were randomly selected from all available 

samples from each location using SAS version 9.3 (Cary, NC). The samples included were 

collected from June 2003 through August 2007.

Specimens were shipped to MiraVista Laboratories (Indianapolis, IN). At MiraVista, 

enzyme immunoassays (EIA) were performed for anti-Histoplasma capsulatum IgG against 

serum [22, 23]. Microplates were coated with a proprietary MVista Histoplasma antigen and 

the procedure was completed as previously described [22, 23]. Results were expressed by 

comparison to a standard curve as EIA units. Reproducibility was investigated by duplicate 

testing, and positive and negative controls performed as expected. Results were considered 

positive if ≥10, indeterminate if 8–9.99, and negative if <8 units. This assay has been used in 

prior studies and using this cutoff shown to have 87.5% sensitivity and 95% specificity in 

acute pulmonary histoplasmosis [22, 23].

Statistical analysis was performed using SPSS version 22 (IBM Corporation, Armonk, NY). 

Percent IgG positivity by EIA was summarized using frequency for each sample group.

Results

We tested 299 serum samples from 100 Burmese, 100 Somali, and 99 Hmong refugees for 

Histoplasma seropositivity (Fig. 1). The sample from one Hmong refugee was not received 

for testing. Available demographic information of the refugees and location prior to 

immigration are described in Table 1. Overall, 2 (0.67%) of 299 samples were positive for 

anti-Histoplasma IgG. An additional two sera were indeterminate (i.e. 8–9.9 units). Thus, 

overall, 4 (1.4%) of 299 samples were positive or indeterminate, and 295 (98.66%) of 299 

were seronegative. Figure 2 shows a scatter plot of all samples with cutoffs for positivity and 

indeterminate values.

Table 2 shows sample outcome by population group. Of 99 Hmong, one (1%) was 

seropositive, none were indeterminate, and 98 were seronegative. Among 100 Burmese, one 

(1%) was seropositive, two (2%) indeterminate, and 97 seronegative. Among 100 Somalis, 

all 100 were seronegative.

Discussion

We found only a 1% rate of anti-H capsulatum IgG positivity by EIA among Burmese and 

Hmong refugees who had immigrated to the United States. The positivity rate was zero 

among the Somali refugee population. This suggests that recent histoplasmosis exposure is 

rare amongst these populations.

There is one case report of histoplasmosis in a Laotian person living in Australia [16], 

another in a Burmese male who had been living in Taiwan [14], and multiple cases in 

Thailand where refugees resided prior to immigration to the United States [20]. Skin test 
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studies in the 1950s in Myanmar found wide ranging skin test positivity (8–86%), though 

positivity was relatively low (4–5%) in northern and northeastern Thailand where refugee 

camps were located [15, 20]. No skin testing studies have been published from Laos. H. 
capsulatum DNA has also been detected in soil surveys in Thailand [24, 25].

Our testing was performed using IgG detection rather than skin testing but found much 

lower rates overall. However, one should note that the 95% confidence intervals found in our 

study would be similar to the lower range of the skin testing studies [15, 20]. Further, there 

are extremely wide ranges in the skin testing studies lending some degree of uncertainty. 

Additionally while histoplasmin skin testing is positive for life in 90% of exposed 

individuals; IgG positivity likely only persists for several years, possibly for a shorter 

duration than the time subjects spent in refugee camps [23, 26]. As an example of the effect 

of duration of antibody persistence relative to that of skin testing, Richer and colleagues 

included 50 subjects from Miami/Dade County where histoplasmin skin test positivity is 

2.8% and found no positive samples for IgG anti-Histoplama IgG antibodies [23]. Among 

50 subjects in Indianapolis where skin test positivity is 55.1%, only 3 of 116 serum samples 

for anti-Histoplama IgG antibodies [23]. This may indicate that one’s antibody response 

waning over time allows for low seropositivity in a region as compared to skin test positivity.

Though we found low rates of positivity, our study represents an important update in the 

literature for these populations. Histoplasmosis is endemic in the central United States. Yet, 

it is often not recognized that histoplasmosis is present in much of the world as well [5]. The 

most recent skin testing studies referenced above were from the 1980s, however, some were 

from the 1950s and 1960s. Factors influencing the distribution are incompletely understood 

but proximity to rivers, moderate temperatures and soil bird and/or bat guano content seem 

to play a role [1, 7]. Given these factors and ongoing climate change, in addition to increased 

use of immune suppressive medications, it’s likely that our understanding of the distribution 

of Histoplasma endemicity will continue to change.

The present study has limitations. The anonymized samples limit the demographic and other 

sample specific information. In addition, the refugees included in this study originated from 

specific areas, typically refugee camps and so conditions and exposures may be more 

specific to these geographic locations than their locations of origin (Fig.1). Finally, one 

needs to consider that it is well established that H. capsulatum antigen testing is known to 

cross react with Penicillium (Talaromyces) marneffei antigen [27]. It isn’t clear whether 

histoplasmin skin test positivity could have been caused by cross-reaction in individuals who 

were exposed to P. marneffei [28]. However, this would be another possible explanation for 

higher skin testing positivity rates than the EIA positivity rates we found. One may also 

posit that the low rates found in our study could be more consistent with the relatively rare 

clinical rate of reporting in these areas.

No Somalis were seropositive for anti-Histoplasma IgG antibodies. As with the Burmese 

and Hmong populations, similar limitations should be considered although cross-reaction 

with P. marneffei is extremely unlikely given the geographic distribution of this fungus. Skin 

testing in Somalia found 0.3–25.7% positivity in two studies from the 1970s and 1980s [17, 

18]. Both studies found higher rates in Southern Somalia in populations with proximity to 
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the Jubba River [17, 18]. There have been published case reports of histoplasmosis in Kenya 

near the Tana, Kilundu, and Athi-Galan-Sabaki, Rivers [19]. While none of the cases were 

near the Kakuma refugee camp hosting Somalis, the case in Machakos, near the Athi-Galan-

Sabaki River is about 80 km from Nairobi. Our study doesn’t provide additional evidence of 

H capsulatum infection in these locations.

In conclusion, we found low levels of seropositivity for H. capsulatum IgG obtained by EIA 

among Hmong and Burmese refugee populations who have since entered the United States 

and had been residing in Thailand. In addition, seroprevalence in 100 Somali refugees 

residing in Kenya tested was zero. Clinicians caring for these populations can be reassured 

that clinical histoplasmosis would be unusual in newly arrived refugees from these areas, 

and if observed after arrival to the United States would more likely have been acquired 

locally. Clinicians should keep in mind that without prior exposure, these populations might 

be at higher risk for histoplasmosis. In addition, these data may suggest that histoplasmosis 

exposure in Laos, Myanmar and Kenya may be limited though further study in this area is 

needed.
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Fig. 1. 
Map of countries of origin and refugee camp locations. This map presents the home 

countries (Somalia, Myanmar (Burma) and Laos) for persons from which the samples in this 

study came. Refugee camp locations in which these persons spent years prior to immigration 

to the United States are noted by markers in Kenya (Somali refugees), western Thailand 

(Burmese—ethnically Karen refugees), and southwestern Thailand (Hmong refugees). Map 

courtesy of Dr. C. Virginia Lee, Centers for Disease Control
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Fig. 2. Scatter plot
of serum Histoplasma Enzyme Immunoassay IgG results. The results of serum EIA 

Histoplasma IgG testing with the positive cutoff noted by a solid horizontal line at 10 units 

and a dotted horizontal line at 8 units marking indeterminate results
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Table 2

Serum Histoplasma enzyme immunoassay IgG results by group

Group Total samples Positive samples n (%, 95% CI) Indeterminate samples n (%, 95% CI)

Hmong   99 1 (1.01, 0–2.96) 0 (0, N/A)

Burmese 100 1 (1, 0–2.95) 2 (2, 0–4.74)

Somali 100 0 (0, N/A) 0 (0, N/A)

N/A not applicable, 95% CI 95% confidence interval
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