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Abstract
Purpose of Review The aim of this review is to present a comprehensive look at five intestinal soil-transmitted helminths (STHs)
of global health importance that may continue to plague low-income and rural areas of the USA and argue the need for enhanced
surveillance of these infections, which primarily affect the nation’s most vulnerable groups.
Recent Findings Human STH infections in middle- and high-income countries are at particular risk for being undiagnosed; as
common symptoms are non-specific, differentials require a high index of clinical suspicion, and cases are concentrated in areas of
poverty where access to care is limited. Although autochthonous STHs are thought to be rare in the USA, infections were once
common in the American South and Appalachia and robust epidemiologic surveillance is limited post 1980s. However, recent
community studies and case reports from small-scale farms and areas of high rural or inner-city poverty reveal the potential for
persisting helminth infections in distinct populations of the country.
Summary STHs are among the most common neglected tropical diseases globally causing significant morbidity in underserved
communities and contributing to the continuation of cycles of poverty within vulnerable populations. Due to possible severe
disease sequalae and their ability to perpetuate poverty and poverty-associated health outcomes within already vulnerable groups,
it is vital that surveillance for these infections is enhanced to bolster health equity in the USA.
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Introduction

Soil-transmitted helminths (STHs) are among the leading
neglected tropical infections globally, disproportionately af-
fecting children in the world’s most underserved communities
[1]. After decades of mass drug administration (MDA), the
Global Burden of Disease Study 2017 revealed significant

reductions in disease prevalence on a global scale [1].
However, in the USA where MDA is not suggested, a pau-
city of research has existed in this arena for nearly 40 years,
despite an extensive documented history of helminth infec-
tions in the American South and Appalachia where rates of
hookworm infection have previously reached 40% prior to
the 1980s [2]. Furthermore, the USA income gap has risen
in recent decades, along with $2-a-day poverty among chil-
dren [3, 4]. This widening gap increases the potential for
breakdown of community infrastructures and home sanita-
tion systems. Suitable environmental conditions for nema-
tode viability in this region, concentrated areas of child
poverty that exceed national averages, and pockets of inad-
equate plumbing facilities suggest that these infections may
continue to plague children and adults in certain vulnerable
communities of the USA with an array of clinical outcomes
ranging from impaired cognition to blindness and death in
the most extreme cases [5].

A group of parasitic worm species, Ascaris lumbricoides
(roundworm), Trichuris trichiura (whipworm), and Necator
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americanus/Ancylostoma duodenale (hookworm), are the 3
most common soil-transmitted helminths in man.
Strongyloides stercoralis (strongyloidiasis) and Toxocara
spp. (toxocariasis) are two additional STHs that have impor-
tant veterinary and human health impacts and are considered
neglected tropical infections of poverty in the USA. Children
are particularly susceptible to STH infection, and when left
untreated, lifelong consequences can occur, including malnu-
trition, iron deficiency, stunting, and delayed cognitive devel-
opment [6]. Test scores, attendance, and other school achieve-
ment milestones can be impacted by these infections leading
to lower wage earning in adulthood [6]. Though subclinical
disease is common in children, complications particularly in
the immunocompromised can lead to potentially fatal condi-
tions including intestinal obstruction, visceral larva migrans,
blindness, disseminated disease, respiratory failure and hem-
orrhage [6–10]. Pregnant women and adults with comorbidi-
ties such as HIV are additionally susceptible to severe out-
comes and death in extreme cases [11].

National initiatives in the USA have claimed elimination of
ongoing human transmission cycles in the formerly endemic
American South; however, satisfactory socioeconomic and
environmental conditions present the potential for persistence
of such infections, especially in areas of poverty with poor
sanitation and hygiene [10, 12]. Estimates based on the
American Community Survey 2017 suggest a possible 1.2
million Americans without access to adequate plumbing
[13••]. Only Texas lists STHs as a mandatory reportable con-
dition, although this recent addition does not publicly report
infection origin [14]. A decades-long lack of active surveil-
lance and mandatory reporting allows for the potential of an
undiagnosed re-emergence [14, 15]. Furthermore, the non-
specific nature of clinical illness, the commonality of subclin-
ical disease, and the general lack of clinical suspicion create a
scenario in which incidence and prevalence of current infec-
tion in the USA are largely unknown and likely
underdiagnosed [16]. We aim to present a comprehensive
look at five intestinal parasite infections of global health im-
portance that may be persisting in low-income and rural areas
of the USA and argue the need for enhanced focalized surveil-
lance of these infections, which primarily affect the nation’s
most vulnerable groups.

Five STHs of Public Health Importance

Ascaris lumbricoides and A. suum

Ascariasis affects up to 1.2 billion individuals globally, and is
one of the most common neglected tropical diseases, though
manifestations of infection in humans typically present sub-
clinically [17, 18]. Two documented species of Ascaris pre-
dominate, A. lumbricoides in humans and A. suum in swine;

however, the reported ranges of these nematodes overlap, in-
dicating both species infect both humans and swine [18]. In
high-income countries, many indigenous infections are
thought to originate from zoonotic A. suum [19]. Incident
zoonotic transmission can occur within other mammalian spe-
cies including horses, racoons, dogs, cows, and marine mam-
mals [20]. Human and animal transmission primarily ensues
through the fecal oral route when embryonated eggs are
ingested from contaminated soil or feces. Larvae then hatch
and migrate through the intestinal tract to the lungs where
maturation and dissemination occur through the bronchial
tree. Mature larvae then migrate back to the intestine to devel-
op into adults [21]. Adult female worms in the intestines pro-
duce approximately 200,000 eggs per day [22], and adult
worms can survive in human host systems up to 2 years. In
soils, fertilized eggs can persist up to 10 years [15, 22, 23].
Manifestations of ascariasis include impaired cognition, vita-
min A deficiency, stunting, and asthma [6]. Complications
can occur in those infected with intestinal obstruction or when
rogue worms invade other host systems including the liver,
pancreas, or lungs [23].

Necator americanus and Ancylostoma duodenale

Necator americanus and Ancylostoma duodenale are the pri-
mary nematode species responsible for hookworm, affecting
430 million people globally [24]. Transmission occurs
through direct skin penetration, typically when walking in
bare feet in areas with poor sanitation and infrastructure [9].
Filariform larvae travel from blood vessels to the bronchial
tree, are then swallowed, and develop into adults in the small
intestine where they may live for several years [9]. These
nematodes thrive in warm sandy or loamy soils with adequate
moisture, and have been associated with mining industries and
the southern USA [2]. Clinical symptoms typically include
reduced cognition, anemia, stunting, and protein loss [6]. Of
the STHs, hookworm accounts for the greatest years lived
with disability and substantial economic burdens [24].

Trichuris trichiura

Trichuris trichiura is the etiologic agent for humanwhipworm
disease, another STH of major global health concern. Like
other STHs, whipworm is linked to poverty and areas of poor
sanitation, and primarily occurs in underserved communities
[25]. This nematode causes infection through the fecal oral
route with ingestion of infective embryonated eggs, after
which maturation occurs to adult worms in the colon [25].
Adult female worms may shed up to 20,000 eggs per day
and survive up to 1 year in the human host and multiple years
in soils. Though many children remain asymptomatic, infec-
tion can lead to growth stunting in children, colitis, inflamma-
tory bowel disease, and in extreme cases, trichuris dysentery

33Curr Trop Med Rep  (2021) 8:32–42



syndrome [6, 25]. Prevention is the best method, as traditional
antihelminthics have poor treatment efficacy and reinfection
has been documented [26].

Strongyloides stercoralis

Strongyloidiasis occurs through skin penetration of the infec-
tive stage filariform larvae, and like other helminths can be
found in warm regions of the world with high humidity [8,
27]. S. stercoralis is typically found in rural areas with limited
sanitation. It is estimated up to 100 million are infected glob-
ally with infection most often occurring in childhood from
infected environmental sources [8]. Infection can last decades
in humans and immunosuppressed hosts can have severe clin-
ical outcomes particularly when hyperinfection occurs and
worms are disseminated to extraintestinal organs like the
lungs, liver, heart, and central nervous system [27, 28].
When severe infection occurs, manifestations include intesti-
nal obstruction, hemorrhages, and heart and respiratory failure
leading to a 90% mortality rate in untreated disseminated in-
fection [29]. In the southeastern USA,mortality rates from this
infection are highest among Caucasian men with
immunocompromising comorbidities. Demographics of
strongyloidiasis mortality rates differ across region of the
USA, though regional differences in race and ethnicity are
not fully understood [30, 31]. S. stercoralis is unique due to
its autoinfectivemechanism leading to decades-long infection,
and it is particularly difficult to diagnose, as variation in ova
shedding in stool leads to low sensitivity of stool microscopy
for this helminth [10, 11, 17]. Furthermore, sexual contact is
believed to be a significant route of transmission for
S. stercoralis in the USA particularly with men who have
sex with men (MSM) [11].

Toxocara canis and T. cati

Toxocariasis is a neglected infection with Toxocara canis (ca-
nine host) or T. catis (feline host) ova that can cause cutaneous
larva migrans and impaired cognitive function, particularly in
children [32]. This often occurs through poor hand hygiene
after contact with contaminated environments, unwashed pro-
duce, or undercooked meats [33]. Contaminated sandboxes,
feline litter boxes, and other high-contact environments play
an important role in local transmission foci. This nematode
does not mature to adulthood in human hosts, but can live in
human organs and tissues for approximately 5 years [34].
Though largely asymptomatic, those experiencing clinical
manifestations typically present with visceral or ocular larva
migrans [23, 32]. Visceral infection may result in clinical fea-
tures including anorexia, anemia, fever, liver inflammation,
abdominal pain, and meningoencephalitis. Ocular cases of
disease can result in vision loss and granuloma, and are not
uncommon across the southern USA [35].

What Is Known About STH in the USA?: Past
and Present

Clinical and epidemiologic research efforts became focused on
treating for and characterizing the burden of hookworm in the
USA in the early twentieth century with $1 million in funding
donated by the Rockefeller Sanitary Commission in their efforts
to eliminate “the germ of laziness” from the American South
[10]. Through establishment of public dispensaries, major ef-
forts were focused into educating the public, screening, and
providing treatment across the southern states. State surveys
found prevalence of hookworm up to 76% in Alabama,
53.4% in South Carolina and 65.7% in Georgia [2, 24]. Other
historic surveillance studies found highly variable rates of in-
fection from 0 up to 14.8% in a school-based study of children
10 to 14 years in Kentucky. Another focusing on rural under-
served schools in Tennessee found 19.6% infection prevalence
[10]. Regional efforts identified nearly 40% prevalence of
hookworm in the total population of 11 southern states sur-
veyed [2].

While the Rockefeller campaign mainly aimed to combat
hookworm infection, screening programs revealed burdens of
other STHs across the southern states. Ascariasis infection
prevalence ranged from 1.3% in Georgia Caucasian children
ages 5–15 to 49.4% in a second study of Cherokee Native
American children in North Carolina ages 6–16 years [10].
Historic evidence of trichuriasis infection prevalence in south-
ern states widely varies by study population. However, when
focused on at-risk groups, higher rates were noted among
school-based Kentucky children with 55.2% infection rate,
and another school-based study of Cherokee Native
American children reported a 38.0% infection rate in North
Carolina [10]. S. stercoralis prevalence rates were as high as
3.8% in Kentucky school children [10].

Through these efforts coupled with improvements in infra-
structure in the region, the burden of disease fell and school
attendance, literacy, and the southern economy rose in areas
where the campaign had significant reach [24]. After the
1980s, it was believed that hookworm had been eliminated
from the south due to the efforts of the Rockefeller foundation
along with improvements in sanitation and shifts towards an
industry- rather than agriculture-dominated economy.
However, surveillance efforts and large-scale epidemiologic
studies ceased after this time period providing little evidence
that elimination had truly been achieved.

Despite the great strides made in these areas, concentrated
areas of poverty continue to persist in environmentally suitable
conditions for nematode viability (Table 1). Human cases of
ascariasis have been reported from the recent literature in isolated
instances incidentally through routine colonoscopy or radiology.
One such case from 2013 identified a 58-year-old African
American man with comorbidities of diabetes mellitus and hy-
pertension whose only travel history included several visits to
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Table 1 Estimated prevalence of STH in the USA with results of past and current prevalence studies, 2010–2020

Intestinal parasite Estimated prevalence
current

High-quality prevalence studies
prior to 1980 [10]

Recent reports (last 10 years)

Ascaris lumbricoides,
A. suum (roundworm)

4 million [26] Highest Prevalence: 49.4% in 631
Cherokee Native School
children ages 6–16, NC

Lowest: 1.3% in 3729 Caucasian
school children ages 5–15, GA

2018: 8-year old boy with Loeffler syndrome and no
travel history from a small hog farm, LA [19]

2018: 4-month-old beef calves with respiratory illness,
IA [36]

2014–2015: 31.5% prevalence feral hogs obtained
from hunters on public lands, LA [19]

2013: 58-year-old man during routine colonoscopy
(no international travel history, but frequent visits
to SC), NY [22]

2010–2013: 14 suspected, 8 confirmed human cases
from 7 unrelated small-scale farms across 6 counties
(10/14 no travel history); 5 porcine cases
confirmed, ME [15]

2010:15 suspected, 1 confirmed bovine case, MO [20]
Ancylostoma duodenale,
Necator americanus

(hookworm)

unavailable Highest Prevalence: 19.6% in
2908 School children ages
5–16, rural poverty area, TN

Lowest: 0% in 843 individuals,
random community sample,
KY [10]

2017: 34.5% stool samples from 55 individuals in
area of failing sanitation and poverty, Lowndes
County, AL [24] (N. americanus)

2017: 59-year-old man with no travel history
presenting with CLM, CA TX (Ancylostoma
spp.) [37]

2016: 14-month-old canine with hookworm invasion
of the brainstem, TX (Ancylostoma spp.) [38]

Trichuris trichiura
(whipworm)

unavailable Highest: 55.2% in 366 Native
born School children ages
6–12, KY

Lowest:: 0.5% in 3729
Caucasian school children
ages 5–15, GA

unavailable

Strongyloides stercoralis 68,000 – 100,000[26] Highest: 3.8% in 366 Native
born School children ages
6–12, KY

Lowest: 0% in 439 School
children ages 10–14, KY

2020: 68-year -old man with COVID-19 infection
immigrating 20 years prior from Ecuador, CT

2020: 16.5% positive serology in 97 individuals
from a community with failing sanitation/poverty,
central TX (75% with no travel history) [13••]

2017: 61-year old US-born man with HIV
coinfection, no significant travel history, CT [11]

2017: 7.3% stool samples from 55 individuals in area
of failing sanitation and poverty, Lowndes County,
AL [24]

2013: 1.9% in 378 positive serology from persons
presenting to Remote Area Medical Clinics, KY
(only 1 positive participant had significant travel
history) [28]

Toxocara canis, T. cati 1.3–2.8 million [26] unavailable 2019: 3-year-old girl with OLM, previously healthy
presenting with blurry vision and headache, AK [33]

2017: 5.2% positive serology from 11 individuals
testing positive for any GI parasites in area of
failing sanitation and poverty, Lowndes
County, AL [24]

2015–2016: 66.7% contamination with eggs &
larvae in 10/15 soil samples from the Bronx,
38.9% in 7/18 soil samples from Staten Island,
33.3% in 6/18 soil samples from Queens, 30.8%
4/13 soil samples from Brooklyn, 29.6% in 8/27
soil samples from Manhattan, NY [39]

2014: 4.6% egg positive fecal samples from 523,934
cats and 1.8% egg positive fecal samples from
2,750,718 dogs, national [40]

2014: 75-year-old female with pulmonary
toxocariasis (only travel history 15 years prior to
Caribbean), NJ [41]

2011–2014: 5.1% overall seroprevalence from
13,509 individuals from NHANES 2011–2014,
national [42]

2009–2010: 68 case reports of OLM in
individuals aged 1–60, national [43]
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South Carolina from his home in the Bronx, New York [22].
Small community outbreaks related to pig husbandry have also
occurred in Maine, with 14 probable (8 confirmed) human cases
of roundworm infection from 6 counties reported between 2010
and 2013 [15]. One case of Loeffler’s syndromewas identified in
an 8-year-old boy on a family farm in Louisiana, where environ-
mental sampling revealed a high amount of infective-stage eggs
[19]. The source of his infection was suspected to be exposure to
inadequate disposal of pig manure and open drainage systems on
the property. The pig pen had a water hose that rested in the fecal
runoff of the pigs, and an open septic tank with fecal runoff was
located at the entrance of the pig pen. As both A. lumbricoides
and A. suum have been documented to cause infection in
humans, many of these recent case reports have occurred in
agricultural areas. Infections common in commercial and feral
swine [44] have also been documented in other mammalian spe-
cies, like cattle in Missouri and Iowa [20, 36].

Due to conducive environmental conditions in the south-
eastern USA, prevalence of ascariasis is reported to be high
and human infection can last for years; however, subclinical
infection manifestation is common and underdiagnosed [22].
Feral swine are invasive agricultural pests and the exponential
population growth of these animals since the 1960s in south-
eastern and southwestern coastal areas of the USA could po-
tentially contribute to the burden of ascariasis infections in
areas where these populations thrive [19, 45]. Ascaris preva-
lence studies conducted by the Louisiana Animal Disease
Diagnostics Laboratory within these feral swine populations
found 31.5% prevalence in Louisiana populations [19].
Estimates predict nearly 4 million cases of ascariasis persist
today in the southern part of the USA and Appalachia [26].

A 2017 study in Lowndes County, AL, an area where half of
households have failing or absent sewage infrastructure, 34.5%
of area residents were hookworm positive though parasite loads
were low [24]. This same study also found 7.3% S. stercoralis
and 5.2% Toxocara infection prevalence in the population [24].
In addition, cases of cutaneous larva migrans (CLM) from hook-
worm have also been acquired in the USA [37]. Although most
of these case are associated with travel history to endemic re-
gions of the globe, individual cases and small outbreaks from
coastal states have been reported and provide continuing evi-
dence that hookworm persists in this country [37].

In recent years, higher sensitivity and specificity molecular
assays have been developed to assess S. stercoralis infection
that may assist future surveillance efforts of this parasite world-
wide [46]. The five STHs discussed in this review have been
showed to affect certain racial and ethnic groups at different
rates, and strongyloidiasis has been more commonly linked to
Caucasian individuals living in poverty in Appalachia [26].
Above all, strongyloidiasis has been considered a disease of
disadvantage, occurring at highest frequencies in those persons
who are socioeconomically under the poverty line rather than in
certain geographies [47]. Surveillance studies in 2013 in rural

Kentucky demonstrated 1.9% seroprevalence of S. stercoralis
in individuals presenting to rural health clinics; only one indi-
vidual had travel history outside of the USA [31]. A 2020 study
of helminth infections from an underserved Texas community
found 16.5% of screened individuals positive through serolog-
ical assay [13••]. Intersecting sociodemographic factors have
led to current estimates of strongyloidiasis of up to 100,000
people in the USA [26].

The most recent high-coverage studies of STH focus on
toxocariasis. Research based from over 20,000 serum samples
from the National Health and Nutrition Examination Survey
(NHANES) III 1988–1994 indicate the USA prevalence to be
approximately 13.1%, with the highest seroprevalence in non-
Hispanic Blacks at 21.2% [23, 32, 48, 49]. Serologic preva-
lence from those in the southern USA was over 17% [32].
NHANES 2011–2014 serologic testing found 5.0% overall
seroprevalence in 13,509 persons > 6 years of age surveyed
with 10.2% prevalence in those living below the poverty line
[34, 42]. A study of this helminth in New York City boroughs
from 2015 to 2016 found the highest, 66.7% contamination in
soil samples obtained from the Bronx, and lowest, 29.6% soil
contamination rate in Manhattan. Moreover, infective eggs
were only found in the Bronx playgrounds, with over 70%
of eggs recovered in embryonic form and the highest egg
burden of the study areas [39]. Only T. canis DNA was iden-
tified in this study targeting feral cats as the source of these
nematodes. An extensive national veterinary study of
toxocariasis in the USA revealed 4.6% prevalence in cats
and 1.8% prevalence in dogs in 2014 [34]. Recent bolstered
interest of ocular larva migrans, toxocariasis manifestation
causing severe and lasting vision continues to occur in the
USA especially in southern states [35, 50].

Human studies have consistently shown a positive associ-
ation with age and Toxocara antibody detection, indicating
children may not be more likely to be infected with this
STH, unlike others presented in this review [34].
Furthermore, this helminth does not appear to be limited to
the warmer climates of the southeast, but rather in inner-city
poverty and areas with populations of stray cats and dogs or
other communities with cultural practice of having free-
roaming pets. However, certain racial and ethnic groups have
shown to be more affected. Estimates based on the Blue
Marble NTD framework suggest there may be up to 2.8 mil-
lion individuals of low SES suffering from this infection, and
that Black persons are disproportionately affected [26].

Vulnerable Groups

Adults and Children Living Below the Poverty Line

Table 2 shows commonly cited risk factors for STH infec-
tions; these factors intersect among poverty and inadequate

36 Curr Trop Med Rep  (2021) 8:32–42



plumbing, primarily in the southern USA. Lower life expec-
tancy, child mortality, and higher risk for heart disease and
other chronic conditions have been linked to poverty [17]. The
gap in life expectancy between the top and bottom 1% of
earners in the USA has widened in the last 50 years, with a
difference of 10.1 years for women and 14.6 years for men as
of 2017 [53]. As populations falling into these risk categories
tend to live in deep or rural poverty, gastrointestinal nematode
infections may contribute to the cycles of poverty experienced
in these areas due to disability-adjusted life years and educa-
tional attainment [32]. Many of the most commonly cited risk
factors for developing STH infection stem out of deep pover-
ty, particularly when experienced during childhood and when
further hindered by helminth infections, forming a positive
feedback loop breeding further poverty. Figure 1 illustrates
that STH may be proverbial at the tip of the iceberg, as mul-
tiple health disparity factors culminate in heightened opportu-
nities for STH infection.

Since transmission mostly occurs either through the fecal-
oral route via ingestion of infective ova, or through direct skin
contact with larvae, STHs are commonly considered infec-
tions of childhood. Children’s tendency to interact with out-
door environments at home or school, and lacking hygiene
practices increase exposure risk for this age group [6]. For
example, some STH infections like toxocariasis have been
associated with exposure to infected sandboxes and play-
grounds [33, 34]. Though the majority of children will show
mild or no clinical symptoms, some of these infections may
persist for years in the body and contribute to lower test scores
and cognitive impairment [50]. Maximum parasite burden with
trichuriasis and ascariasis nematodes typically manifest in pri-
mary school years, while hookworm load typically peaks in
secondary school or young adulthood [6]. Cognitive delays,
low school attendance, and performance of infected children
may limit future opportunities for higher education and career

pathswhich further exacerbates poverty cycles. Despite improve-
ments in sanitation and infrastructure on a national level, in the
USA, 1.7 million households and 3.6 million children are
subsisting on less than two dollars per day, with southeastern
states having a disproportionate burden of impoverished popula-
tions [49]. A 2015 USA poverty study uncovered a rising num-
ber of children living at 150% or below of the poverty line [3].

Further findings uncovered that low-income children living
below the poverty line were less likely to be non-Hispanic
Caucasian and were regionally concentrated in the southeast
and Appalachia suggesting that pockets of poverty are not de-
mographically homogenous [3]. Individuals living in rural areas
of theUSAand those living under the poverty level are less likely
to have health care access and thus present a challenge for iden-
tification of cases and the need for surveillance studies to prevent
children in these underserved areas from further negative health
outcomes [31, 53]. Health care access is a particular challenge in
rural areas where physician shortages continue to occur [53]. The
relationship between poverty and poor health status, geographic,
and financial constraints on health care access may make indi-
viduals in these circumstances at higher risk for infections includ-
ing STHs in areas where they may continue to exist.

Adults and Children Lacking Access to Adequate
Plumbing

Lack of access to functioning sanitation systems and plumb-
ing continues in the USA despite the relative wealth of the
nation compared to certain low- and middle-income countries,
and the progress made since the Rockefeller undertaking. The
US Census Bureau estimates nearly half a million occupied
housing units in the USA lacked complete plumbing facilities
translating to 1.2 million individuals, and 18.1% of homes are
not hooked to a public sewer [13••]. A 2019 study of water
and plumbing access in the country found overlapping spatial

Table 2 Major risk factors for helminth infections include poverty and
underlying health conditions; however, the demographic risk factors
differ between helminths. A summary table of common statistically
significant associations is presented. As most cases of STH in the USA

occur in immigrant populations and travelers returning from endemic
areas, foreign-born persons and travel have not been included in this
table for individual infections

Intestinal parasite Associated risk factors Regions of USA References

Ascaris lumbricoides, A. suum
(roundworm)

Poverty, children, lacking sanitation & hygiene Southern states, southeast,
Appalachia

[22, 26, 44]

Ancylostoma duodenale,
Necator americanus

(hookworm)

Extreme poverty, children, lacking sanitation &
hygiene

Southern United States [2, 24]

Trichuris trichiura (whipworm) Poverty, children, lacking sanitation & hygiene Southeast, Appalachia [24, 26]

Strongyloides stercoralis Caucasian ethnicity, poverty, immunocompromised,
HIV comorbidity, alcoholism, male sex

Appalachia [26, 31], [11]

Toxocara canis, T. cati Black ethnicity, poverty, male sex, lead ingestion,
pet ownership, low educational attainment,
cognitive impairment, elevated lead
concentration, pica, nutritional status,
immunocompromised

Southern states,
Appalachia,
inner cities

[6, 26, 32, 33, 39, 42, 50–52]
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and demographic characteristics of households that were
“plumbing poor” [54]. This study identified 16.6% and
16.7% of Black and Hispanic households in the nation, re-
spectively, lack complete plumbing facilities [54]. Though
American Indians and Alaska Natives account for only 1.5%
of the population, 6.2% of these households lack complete
plumbing. In addition, American Indians and Alaska Natives
were 3.7 times more likely to lack complete plumbing than
non-Hispanic Caucasians, and Black households were 1.2
times more likely to lack complete plumbing facilities partic-
ularly in the southern USA [54]. Further complicating the
issue of inadequate infrastructure, in underserved communi-
ties, plumbing upkeep and septic tank maintenance may pose
too great a financial burden to maintain sanitary conditions as
identified in Lowndes County, AL [24].

Immunocompromised

STH infections often present asymptomatically, contributing to a
limited incidence and prevalence knowledge in the USA.
However, STH infections may progress to more severe clinical
disease in a small number of those infected, particularly in per-
sons who are immunocompromised [47]. S. stercoralis is
thought to also be underdiagnosed in individuals living with
HIV, as suggested from a case report from 2016 in a USA-
born man with no significant travel history [11]. HIV-

coinfected individuals have been identified as a high-risk group
for this infection, making them particularly vulnerable to severe
forms of disease including hyperinfection, which has a relatively
poor prognosis [11]. Those undergoing HIV treatment or treat-
ment for other chronic infections may bear a large financial cost
for medication or visits to the clinic. In order to protect these
vulnerable and immunosuppressed groups, clinicians should be
made aware that intestinal parasites circulate undetected [11].

Recent USA Immigrants

In the USA, the majority of STH infections are thought to be
imported from tropical and subtropical regions where disease
burdens are high [37]. A 2020 study of recent Chicago immi-
grants showed 6.4% and 4.0% seroprevalence for Toxocara and
Strongyloides stercoralis [55]. A Boston study of refugees and
asylum seekers in the USA from 2012 to 2017 found 0.2%
hookworm infection and 1.9% S. stercoralis infection, [56].
Though the US Centers for Disease Control and Prevention has
established protocols for testing and treating refugee populations
in the USA, there are no surveillance protocols currently in place
to address these infections in documented or undocumented im-
migrants [55]. The northern USA is not considered to be an
endemic area for parasitic helminths due to insufficient climatic
conditions; however, environmental samples have shown high
rates of Toxocara ova [39]. Based on historical patterns of

Fig. 1 Illustrates root causes of
STH, the greater cycles of
poverty, and associated health-
related risk factors providing
conducive conditions for these
infections to persist in the USA
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immigration flow into large cities and cramped areas with insuf-
ficient infrastructure, USA immigrant populations may be at risk
for STHs when living in lower income areas of large cities like
NYC [55].The combination of high occupancy crowding, poor
housing standards, and lack of health care access among immi-
grants could lead to STH familial transmission cycles. Though
this review aims to focus on US-acquired infection, USA immi-
grants are another vulnerable group that may be at heightened
risk for infection whether from lack of screening and treatment
upon entering the USA or through acquisition in USA commu-
nities in which they live. Immigrants to the USA are considered
duel risk for STH infection from their home countries or from the
USA, and the risk exists for continuation of transmission cycles
within familial clusters or neighborhoods with large foreign-born
populations [55]. Due to the tendency for increased Th2 and
regulatory T cell response elicited by intestinal parasitic infec-
tions, recent immigrants may be at higher risk for other serious
infections including tuberculosis, which may have severe conse-
quences in crowded areas of poverty [57]. Physicians should
include STH in differential diagnoses in these subpopulations.

Other Risk Factors

Environmental conditions particularly in the southern USA
where humidity and ambient temperature are temperate enough
for nematode ova to persist in soil for years provide the oppor-
tunity for spatial targeting of high-risk regions [24]. Enzootic
factors in communities with large populations of feral cats and
dogs, non-commercial farming, and regions of the USA with
large populations of feral swine further provide conducive con-
ditions for these nematode transmission cycles to continue in
enzootic pathways [19, 32]. In addition to small-scale farming,
pigs and feral swine, feral dogs and cats, and free-roaming pets
have also been known to spread infections especially in urban
parks and playgrounds via fecal droppings.

Most STHs are viable in areas of high humidity and temper-
ature, and many areas of the southern USA maintain these
climatic conditions for development and proliferation of hel-
minths. Furthermore, Ascaris lumbricoides and Toxocara spp.
can remain viable in soils even through extreme temperatures
for years [58•]. A. lumbricoides and T. trichiura viability ranges
from 5–38 °C and hookworm development is suitable between
approximately 8 and 45 °C [58•]. Strongyloides stercoralis lar-
vae are limited in lifespan outside a host organism, surviving in
high humidity environments between 20 and 28 °C, and sur-
vival in the environment is typically less than 3 weeks [59].

Since December 2019, the pandemic of SARS CoV-2 has
significantly impacted individuals and health care systems on a
global scale. One case of disseminated strongyloidiasis with
COVID-19 coinfection has been documented, highlighting the
need for further investigative efforts to understand the impact of
STH COVID-19 coinfections [60••]. Immunomodulating treat-
ment to combat the virus could elicit severe reactions in those

with underlying STH infections, particularly in those with pre-
existing comorbidities. Clinicians should consider STH infection
in high-risk populations in decision-making for COVID-19-
infected patients.

Given the current knowledge of individualized factors that
could contribute to STH infections in this country, it is vital
that future interdisciplinary methodologies be employed to
spatially identify areas of overlapping environmental and so-
cioeconomic risk parameters to target high-risk zip codes and
block groups within communities for surveys of human infec-
tion and intervention efforts. Current and historical research
has been focused mainly in the southeastern states where STH
infections were previously high. However, future research
should also target areas of the southwest where access to run-
ning water and plumbing facilities are vastly limited.

Gaps in the Literature

After the 1980s, high-powered studies of STH are lacking. The
vast majority of STH infection studies in the past 10 years focus
primarily on recent immigrants to the USA, leaving limited evi-
dence for STH persistence or elimination in this country. Despite
disease burden estimates reaching one million, case reports and
surveillance studies are limited. Keywords used to obtain high-
quality studies were entered into PubMed including: “helminth,
STH, soil, Ascaris, Trichuris, Necator, Ancylostoma,
Strongyloides, Toxocara, hookworm, whipworm, roundworm,
US, USA, United States, children, immunocompromised” yield-
ing < 5 results typically with the highest number of results from
search terms “soil + helminth + USA”with 231 results. However,
even in this case, relevant articles including case reports of persons
with indigenously acquired infections remained slim and most
results were not relevant to the review topic as they did not assess
infection prevalence or did not occur indigenously in the USA.

Future Directions

Though the high-risk categories addressed are based on individ-
ualized factors that increase risk of acquiring STH, most of these
factors stem from poverty. Similar to other neglected tropical
diseases, the most impoverished communities suffer the highest
burdens. Rural poverty in particular may decrease the likelihood
of both health care access and septic tank maintenance.

Based on historical knowledge and limited recent studies of
risk factors for STH infections in the USA, overlapping condi-
tions like poverty, lack of complete plumbing or poor sanitation,
and conducive ecological conditions present the potential that
STHs persist in certain regions of the USA. Subclinical presen-
tation and lack of health care access create challenges to identi-
fying and diagnosing these infections. Future high-powered stud-
ies should be conducted in regions of the USA with these over-
lapping sociodemographic and ecological conditions to identify
the veritable helminth infection burden in this country. With
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known risk factors and the ability to pinpoint areas of high risk for
these infections in the country, targeted surveillance efforts
should be enacted to monitor the current prevalence of STH in
the USA. Physician awareness surrounding these diseases, par-
ticularly pediatricians and those serving rural health clinics and
vulnerable populations, should also be heightened as neglected
tropical diseases do not solely exist outside of the USA.
Identifying areas where active transmission cycles are still occur-
ring is the first step to improving equal opportunity for children
and underrepresented groups living in poverty in this country.
Decreasing STH infections will likely increase the economic po-
tential and health equity of the vulnerable communities in which
cycles of transmission are occurring.
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