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Abstract

Objective: Prior studies on the epidemiology of Whipple’s disease are limited by small sample
size and case series design. We sought to characterize the epidemiology of Whipple’s disease in
the United States utilizing a large population-based database.

Methods: We queried a commercial database (Explorys Inc, Cleveland, OH), an aggregate of
Electronic Health Record (EHR) data from 26 major integrated healthcare systems in the US. We
identified a cohort of patients with a diagnosis of Whipple’s disease based on Systemized
Nomenclature of Medical terminology (SNOMED-CT) codes. We calculated the overall and age,
race, ethnicity, and gender based prevalence of Whipple’s disease and prevalence of associated
diagnoses using univariate analysis.
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Results: A total of 35,838,070 individuals were active in the database between November 2012
and November 2017. Of these, 350 individuals had a SNOMED-CT diagnosis of Whipple’s
disease, with an overall prevalence of 9.8 cases per 1 million. There was no difference in
prevalence based on sex. However, prevalence of Whipple’s disease was higher in Caucasians,
non-Hispanics, and individuals >65 years old. Individuals with a diagnosis of Whipple’s disease
were more likely to have associated diagnoses/findings of arthritis, CNS disease, endocarditis,
diabetes, malignancy, dementia, vitamin D deficiency, iron deficiency, chemotherapy, weight loss,
abdominal pain, and lymphadenopathy.

Conclusions: To our knowledge, this is the largest study to date examining the epidemiology of
Whipple’s disease. In this large population-based study, the overall prevalence of Whipple’s
disease in the US is 9.8 cases per 1 million people. It affects men and women at similar rates and
is more common in Caucasians, non-Hispanics, and people >65 years old.
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Introduction:

Whipple’s disease is a rare infection characterized by arthalgias, weight loss, diarrhea, and
abdominal pain caused by the bacteria Tropheryma whipplei (1). 7. whipplei, is ubiquitous
in the environment. The bacterium has been detected in sewage and is more prevalent in the
fecal samples of sewage workers than the general population (2-3). The pathogenesis of
Whipple’s disease remains obscure and asymptomatic carriage is common (4-8). However,
some hypothesize that underlying host immune deficiency and secondary immune
downregulation induced by the bacterium play a role in the development of clinical disease
(9-24).

It is often reported that the case prevalence of Whipple’s disease is 1 in 1,000,000 (25) and
that the disease primarily affects middle-aged Caucasian men (26-27). However, these
studies have been limited by small sample sizes, case series design, and referral bias. In
contrast to US data, data from Germany actually shows there is a higher case prevalence
among women (28). To date, there has been no large population-based epidemiologic study
of Whipple’s disease. Given the limitations in prior studies, we sought to describe the
epidemiology of Whipple’s disease in the United States over a 5- year period between 2012
and 2017 by using a population-based database. The aims of the study were to identify cases
of Whipple’s disease, identify diagnoses and findings associated with the diagnosis of
Whipple’s disease, and estimate overall prevalence of Whipple’s disease in the United States
and among different age-, race- and gender-based subgroups. These data will help better
define the epidemiology of Whipple’s disease.

Methods:

Database

We performed a retrospective analysis of a large population-based, commercial database
(Explorys Inc, Cleveland, OH). This database contains an aggregate of Electronic Health
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Record data from 26 major integrated healthcare systems spread over 50 states in the United
States from 1999 to 2017. Explorys contains de-identified patient data from participating
institutions and uses a health data gateway server behind the firewall of each participating
healthcare organization that collects de-identified data from various health information
systems- Electronic Health Record using billing inquiries. Data are then standardized and
normalized by Explorys. Diagnoses and findings are mapped into the Systematized
Nomenclature of Medicine Clinical Terms (SNOMED CT) hierarchy. Each participating
healthcare institution has access to Explorys online (password protected), which provides
from browsing of the data from all participating healthcare institutions. Explorys data are
automatically updated at least once every 24 hours. Explorys is a Health Insurance
Portability and Accountability Act- complaint platform and thus Institutional Review Board
is not required.

Patient Selection

Using the Explorys search tool, we identified an aggregated patient cohort of eligible
patients with Whipple’s disease between November 2012 and November 2017. Whipple’s
disease patients were defined as those having a SNOMED CT diagnosis of “Whipple’s
disease”.

Associated Medical Conditions of Interest

We identified multiple medical conditions and findings associated with Whipple’s disease as
demonstrated by prior studies (1, 25, 29-39). Data on these conditions were extracted using
SNOMED CT diagnostic terms for these disorders and findings. The associated diagnoses
studied included arthritis, CNS disease, endocarditis, diabetes, malignancy, dementia,
Vitamin D deficiency, seizures, iron deficiency, HIV, pericarditis, myocarditis, and Vitamin
B12 deficiency. Associated findings studied included immunosuppression, chemotherapy,
weight loss, abdominal pain, lymphadenopathy, HLA B27, skin hyperpigmentation,
hypoalbuminemia, and ataxia. We restricted our analysis on associated diagnoses to a 3-year
period surrounding the Whipple’s disease diagnosis to examine co-morbidities within a
more restricted time frame.

Statistical Analysis

For patients with Whipple’s disease, demographics and associated diseases and findings
were characterized by descriptive statistics. Univariate analysis was performed to assess the
differences in the prevalence of associated medical conditions in patients with Whipple’s
disease and control patients (patients in the database between November 2012 and
November 2017 without diagnosis of Whipple’s disease) by calculating odds ratios (ORSs)
and 95% confidence intervals (Cls). For calculation of overall prevalence, we identified all
patients in the database with Whipple’s disease from November 2012 to November 2017.
We then divided this number by the total number of patients in the database (from November
2012 to November 2017). Similarly, age-, gender-, race-, and ethnicity-based prevalence
rates were calculated. The OR and the 95% CI were calculated according to Altman (40)
using the MedCalc Statistical Software (41) with a case-control design.

Dig Dis Sci. Author manuscript; available in PMC 2020 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Elchert et al.

Results:

Page 4

A total of 35,838,070 individuals in the database from November 2012 to November 2017
made up the source population. Of these, 350 patients had a SNOMED CT diagnosis of
Whipple’s disease, with an overall prevalence of 9.8 cases per 1 million individuals. Forty
individuals had a first ever diagnosis of Whipple’s disease in the last year of the study
period, making the one-year period prevalence of first ever diagnosis of Whipple’s disease at
1.1 per 1 million people.

In sensitivity analyses, of the 350 cases of Whipple’s disease found in this study, 270 (77%)
of cases had at least 2 counts of Whipple’s disease diagnosis while 80 (23%) cases had only
one count of Whipple’s disease diagnosis. This is important since those with multiple coded
encounters for Whipple’s disease likely have a lower risk of diagnosis miscoding.

Of the 350 individuals with Whipple’s disease, there was no significant difference in case
prevalence with regards to sex. The prevalence in males was 10.6 cases per 1 million
compared to females at 9.6 cases per 1 million (OR 1.1; 95% CI 0.9-1.4; p= 0.4). However,
the prevalence differed according to race, ethnicity, and age. Prevalence in Caucasians was
13.9 cases per 1 million compared to 7.6 cases per 1 million in African Americans (OR 1.82;
95% CI 1.3-2.7; p= 0.002). With regards to ethnicity, data was available for Hispanic and
non-Hispanic individuals. Prevalence in Hispanics was 7.8 cases per 1 million compared to
13.7 cases per 1 million in non-Hispanics (OR 0.6; 95% CI 0.4-0.9; p=0.02). Prevalence
was 7.9 cases per 1 million in individuals <65 years old compared to 24.4 cases per 1
million in individuals >65 years old (OR 0.3; 95% CI 0.3 — 0.4; p< 0.0001) (Figure 1).
Moreover, the prevalence increased with age until 85 and then decreased (Figure 2).

Within the cohort of patients with Whipple’s disease, 10 of the associated diagnoses and
findings examined had a case prevalence of 0%. These diagnoses and findings with a 0%
case prevalence included HIV, pericarditis, myocarditis, vitamin B12 deficiency, HLA B27,
skin hyperpigmentation, hypoalbuminemia, ataxia, seizures, and immunosuppression. All
other associated diagnoses and findings were significantly associated with the diagnosis of
Whipple’s disease. Of patients with Whipple’s disease, arthritis was present in 37% (OR
4.0; 95% CI 3.3-5.0; p<0.0001), diarrhea was present in 23% (OR 11; 95% CI 9.2-15;
p<0.0001), CNS disease was present in 66% (OR 17; 95% CI 14-22; p<0.0001),
endocarditis was present in 5.7% (OR 22; 95% CI 14-34; p<0.0001), diabetes was present in
29% (OR 7.0; 95% CI 5.5-8.8; p<0.0001), malignancy was present in 43% (OR 8.5; 95% ClI
6.9-11; p<0.0001), chemotherapy was present in 14% (OR 7.53; 95% CI 5.6-10.;
p<0.0001), weight loss was present in 14% (OR 22; 95% CI 17-30.; p<0.0001), abdominal
pain was present in 31% (OR 6.5; 95% CI 5.2-8.1; p<0.0001), lymphadenopathy was
present in 5.7% (OR 8.3; 95% CI 5.3-13; p<0.0001), dementia was present in 5.7% (OR
6.6; 95% CI 4.2-10.; p<0.0001), vitamin D deficiency was present in 17% (OR 6.0; 95% CI
4.6-7.9; p<0.0001), and iron deficiency was present in 11% (OR 12; 95% CI 8.4-16;
p<0.0001) (Table 1).

In order ascertain whether the original pre-selected co-morbidities as noted above were
actually associated with Whipple’s disease or were an artifact of a large sample size, we
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selected three diagnoses not known to be related to Whipple’s disease and that would be
unlikely to be a confused with Whipple’s disease: Schizophrenia, Grave’s disease, and
ventricular tachycardia. None of the individuals with Whipple’s disease had SNOMED-CT
diagnoses for the above three medical conditions.

Discussion:

In this study, we evaluated the prevalence of Whipple’s disease over 5 years in the Explorys
database between 2012 and 2017. To our knowledge, this is the largest study to date that
estimates the prevalence of this condition in the United States at the national level. This is
also the first large study to describe race-, age- and sex-based prevalence of Whipple’s
disease in the United States from national-level data. Additionally, we examined prevalence
of diagnoses and findings associated with Whipple’s disease.

Whipple’s disease is rare, though there has been no valid estimate of its actual prevalence
prior to the current study (26). A case prevalence of 1/1,000,000 is often quoted (25).
However, this estimate is an extrapolation based on an estimated 15002000 Whipple’s
disease cases from the time of its discovery up until 1985 (42). While less precise, more
reliable data from postmortem studies estimates the frequency of the disease is less than
0.1% (43). In this large population based national study, we estimated the overall prevalence
of Whipple’s disease to be 9.8/1,000,000. Given that in our study, we had large numbers of
Whipple’s disease cases and total number of individuals in the database, our estimate of
prevalence may be more precise than prior estimates. However, a direct comparison with the
estimate derived from Dobbins (42) would not be possible because of the difference in the
time period over which the prevalence was estimated.

In the current study, we found that Whipple’s disease affects men and women at similar
rates. This finding is in contrast to the widely held belief that Whipple’s disease mainly
affects men (42, 44). Dobbins (27) performed a meta-analysis of a total of 696 cases of
Whipple’s disease, 617 of which had been published in the literature up to that time.

Eighty-six percent of these cases were in men (27). Puechal (44) described 231 reported
cases of Whipple’s disease and found that 85% of cases were in men. Both of these prior
studies are limited by case series design and potential selection bias. Von Herbay et al. (28)
examined data from 110 Whipple’s disease cases reported in Germany from 1965 — 1995,
finding that throughout the time period of the study there was an increasing proportion of
women diagnosed with Whipple’s from 4% at the onset of the study to 22% at its conclusion
30 years later. The current study found that prevalence of Whipple’s disease was similar
between men and women which can be explained by the possibility that true prevalence has
been increasing in females or that historically Whipple’s disease was underdiagnosed in
women.

Whipple’s disease has been thought to be a disease affecting individuals in middle age (26,
44). Dobbins (27) found a mean age at diagnosis of 49 years. Similarly, Puechal (44) found a
mean age at diagnosis of 50.4 years old. However, von Herbay (1997) found there was a
significant increase in the mean age of patients throughout the time period of their study.
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The mean age of patients was 48.7 +/- 3.98 years from 1965-75 and mean age increased to
57.0 +/- 2.80 years at the conclusion of the study, from 1986-95. In the current study, we
are unable to calculate a mean age of diagnosis because the Explorys database categorizes
individuals by age group, rather than raw age. While this limitation exists in our data, prior
studies are limited in their case series design and potential selection bias.

In the current study, older age was associated with an increased risk of Whipple’s disease.
Prevalence was 7.9 cases per 1 million in individuals <65 years old compared to 24.4 cases
per 1 million in individuals >65 years old. Case prevalence of Whipple’s disease peaked at
39.2 cases per 1 million in the 80-84 year old age group (Figure 2). It has been hypothesized
that Whipple’s disease may be affecting individuals later in life due to our increased
exposure to antibiotics in the modern era which may mask clinical Whipple’s disease for a
period of time (28). The increase in age in Whipple’s disease cases in the current study
could also reflect the shifting demographics of society in which a growing proportion of the
population is >65 years old. It is also possible that elderly individuals are more likely to have
the immune milieu necessary for Whipple’s disease to manifest.

While we did not look at region-wise burden of Whipple’s disease, it is safe to assume that
regional differences in gender, age and race distribution cannot alone account for our
findings of Caucasian, non-Hispanic and elderly (>65 years) predominance of Whipple’s
disease. Furthermore, health institutions affiliated with Explorys cover all 50 states and span
the East, Midwest, South, Central and West divisions of the US [45], thus providing a broad
regional and climatic distribution of source population. Further genetic, environmental and
behavioral studies are needed to understand the epidemiology of Whipple’s disease.

To our knowledge, there has only been one large case series to examine the association
between race and Whipple’s disease. Dobbins (27) found that 97% of individuals in his large
case series were Caucasian. In the current study, we found that the prevalence of Whipple’s
disease is higher in Caucasians as compared to African Americans (13.9 versus 7.6 cases per
1 million respectively) and the prevalence is lower in Hispanics compared to non-Hispanics
(7.8 versus 13.7 cases per 1 million respectively). As such, the current study provides further
evidence that Whipple’s disease is more commonly diagnosed in Caucasians but is still not
uncommon in African-Americans and Hispanics.

This is the first study to examine diagnoses and findings associated with Whipple’s disease.
Within the cohort of patients with Whipple’s disease, ten of the associated diagnoses and
findings examined had a case prevalence of 0% including HIV, pericarditis, myocarditis,
vitamin B12 deficiency, HLA B27, skin hyperpigmentation, hypoalbuminemia, ataxia,
seizures, and immunosuppression. The 0% prevalence of these previously associated
diagnoses and findings can be attributed to several factors. Firstly, if an associated diagnosis
or findings is rare (HIV for example) we may not have picked up an association in a sample
of 350 Whipple’s disease cases. Secondly, some associations are rarely tested for (HLA B27
for example), so although there may have been individuals with HLA B27 within our study
population, they may not have been identified. Thirdly, it is possible that some findings are
less likely to have been coded with SNOMED CT codes. All other associated diagnoses and
findings were significantly associated with the diagnosis of Whipple’s disease including

Dig Dis Sci. Author manuscript; available in PMC 2020 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Elchert et al.

Appendix:

Page 7

arthritis, diarrhea, CNS disease, endocarditis, diabetes, malignancy, chemotherapy, weight
loss, abdominal pain, lymphadenopathy, dementia, and iron deficiency. These associations
can aid in identification of individuals who have a higher pre-test probability of Whipple’s
disease, and thus may be more likely to benefit from further diagnostic testing.

This study has a few limitations that should be acknowledged. First, regarding the estimate
of Whipple’s disease prevalence rates, we may have underestimated the true prevalence of
disease because Whipple’s disease is difficult to diagnose and some true cases of Whipple’s
disease may have been classified as other gastrointestinal or rheumatologic disorders.
Validation of the SNOMED CT diagnostic code for Whipple’s disease was not possible
because the patient information in the database is de-identified. However, although the
ICD-9 and SNOMED CT are both medical terminology systems for recording medical
diagnoses and concepts, SNOMED CT has many more concepts to be coded per clinical
document than the ICD-9 (46) that makes it more accurate in terms of enlisting pertinent
clinical information. Besides misclassification, another limitation of this study is the
inability to capture information that is unavailable in the Explorys database. This unavailable
information includes socioeconomic status and geographic data on patient population,
including the regional distribution of Whipple’s disease, endoscopic abnormalities, and
histology reports. Moreover, although Explorys uses a master patient identifier to match the
same patient across different healthcare institutions and combine the data, (47) a few
patients might have received care in multiple institutions within Explorys healthcare partners
and thus could have been counted multiple times. However, this is countered by the fact that
Explorys uses a robust patient- matching algorithm (47) and thus the effect of this error
might be minimal and may affect the Whipple’s disease and control groups equally.

In summary, the analysis of the only population based national sample of Whipple’s disease
cases thus far, from the large commercial database Explorys, estimates the overall
prevalence of Whipple’s disease at 9.8/1,000,000. This estimate is larger than what has
previously been extrapolated from case series. Consistent with prior case series data, we
found that the prevalence of Whipple’s disease is higher in Caucasians as compared to
African Americans. In contrast to prior data, though, we found that the prevalence of
Whipple’s disease is similar between males and females and more common in individuals
>65 years old.

Abdominal pain included SNOMED CT codes for abdominal pain, generalized abdominal
pain, chronic abdominal pain, acute abdominal pain. Malignancy included SNOMED CT
codes for malignant neoplastic disease, neoplastic disease, primary malignant neoplasm.
Seizure included SNOMED CT codes for seizure, seizure disorder, generalized seizure,
partial seizure, epileptic seizure, and seizure related finding. Iron deficiency included
SNOMED CT codes for iron deficiency and iron deficiency anemia. Ataxia included
SNOMED CT codes for ataxia and cerebellar ataxia. Skin hyperpigmentation included
SNOMED CT codes for disorder of skin pigmentation. Hypoalbuminemia included
SNOMED CT codes for hypoalbuminemia. Diabetes included SNOMED CT codes for
diabetes mellitus, diabetes mellitus without complication, type 2 diabetes mellitus, type 1
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diabetes mellitus. Vitamin B 12 deficiency included SNOMED CT codes for Vitamin B12
deficiency (non-anemic) and Cobalamin deficiency. Vitamin D deficiency included
SNOMED CT codes for Vitamin D deficiency. Myocarditis included SNOMED CT codes
for myocarditis, acute myocarditis, viral myocarditis, bacterial myocarditis. Pericarditis
included SNOMED CT codes for pericarditis. Dementia included SNOMED CT codes for
dementia, presenile dementia, senile dementia, uncomplicated senile dementia,
uncomplicated presenile dementia, senile dementia with delirium, and presenile dementia
with delirium. Lymphadenopathy included SNOMED CT codes for lymphadenopathy,
cervical lymphadenopathy, thoracic lymphadenopathy, pelvic lymphadenopathy, mediastinal
lymphadenopathy, hilar lymphadenopathy, lymphadenopathy of head and/or neck.
Chemotherapy included SNOMED CT codes for chemotherapy, antineoplastic agent,
intravenous chemotherapy, intramuscular chemotherapy, subcutaneous chemotherapy.
Weight loss included SNOMED CT codes for abnormal weight loss, weight loss finding,
weight decreased. HIV included SNOMED CT codes for human immunodeficiency virus
infection and HIV positive. Arthritis included SNOMED CT codes for arthritis, arthralagia
of upper arm, arthropathy, arthralgia of the lower leg, arthralgia of the pelvic region and
thigh, arthralgia of the ankle and/or foot. CNS disease included SNOMED CT codes for
disorder of the nervous system. Immunosuppression included SNOMED CT codes for
immunosuppressant, immunosuppressives, immunomodulator, immunotherapeutic agent.
Diarrhea included SNOMED CT codes for diarrheal disorder, diarrhea, chronic diarrhea,
diarrhea and vomiting, acute diarrhea, infectious diarrheal disease, functional diarrhea,
nausea/vomiting/and diarrhea, irritable bowel syndrome with diarrhea. Endocarditis included
SNOMED CT codes for endocarditis or endocardial disease. HLA-B27 included SNOMED
CT codes for HLA-B27.

Abbreviations:

SNOMED CT systematized nomenclature of medicine clinical terms
CNS central nervous system

HIV human immunodeficiency virus

HLA human leukocyte antigen

OR odds ratio

Cl confidence interval

ICD-9 international classification of diseases—9
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Current Knowledge and What is New
Whipple’s disease is a rare infection.
Previously no good estimate of its prevalence

Prior case series show Whipple’s disease is more common in white, middle-
aged men.

Current study estimates overall prevalence of 9.8 cases per 1 million

Current study shows that Whipple’s disease is more common in Caucasians,
but that it is still prevalent in African Americans and Hispanics

Current study shows that prevalence of Whipple’s disease is similar between
men and women

Current study shows that prevalence of Whipple’s disease rises until age
group 80-84, and is more common in people > 65 years old

Current study shows association between Whipple’s disease and arthritis,
diarrhea, CNS disease, endocarditis, diabetes, malignancy, chemotherapy,
weight loss, abdominal pain, lymphadenopathy, dementia, vitamin D
deficiency, and iron deficiency
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Demographics of Whipple’s cases.
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Figure 2.
Number of Whipple’s Disease cases by age.
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Table 1.
Associated diagnoses and findings. P<0.0001 for all odds ratios. See appendix for listing of SNOMED CT
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codes included for each association.

Associations n % Odds Ratio
Arthritis 130 37% 4.0 (3.3-5.0)
Diarrhea 80  23% 12 (9.2-15)
CNS Disease 230 66% 17 (14-22)
Immun osuppression 0 0% *
Endocarditis 20 57% 22 (14-34)
HLA B27 0 0% *
HIV 0 0% *
Diabetes 100 29% 7.0 (5.5-8.8)
Malignancy 150  43% 8.5 (6.9-11)
Chemotherapy 50  14% 7.5 (5.6-10.)
Weight loss 50  14% 22 (17-30.)
Abdominal Pain 110  31% 6.5(5.2-8.1)
Lymphadenopathy 20 6% 8.3(5.3-13.1)
Dementia 20 6% 6.6 (4.2-10.4)
Pericarditis 0 0% *
Myocarditis 0 0% *
Vitamin D Deficiency = 60  17% 6.0 (4.2-10.)
Vitamin B12 Deficiency 0 0% *
Skin Hyperpigmentation 0 0% *
Hypoalbuminemia 0 0% *
Seizures 0 0% *
Alaxia 0 0% *
Iron Deficiency 40  11% 12 (8.4-16)
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