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The incidence of chronic diseases is rapidly increasing
worldwide. It has been calculated that, in 2001, chronic
diseases contributed to approximately 46% of the global
burden of disease and 60% of the total reported deaths
with that number expected to increase to 57% by 2020,
when chronic diseases will account for almost 75% of
all deaths worldwide [1,2]. The role of obesity, poor
nutrition, physical inactivity, tobacco use, the harmful
use of alcohol, as well as elevated blood pressure and
blood glucose levels have all been validated as important
variables in chronic disease [3]. These risk factors
account, in part, for the top ten causes of disability and
death worldwide, including non-communicable diseases
(ischemic heart disease, strokes, chronic obstructive
pulmonary disease), cancer, Alzheimer’s disease and
dementia as well as communicable diseases including
infections like tuberculosis [4].

We also are presently experiencing a global spread of
Lyme and associated tick-borne diseases through the
bite of Ixodes species, which include Ixodes scapularis
and I. pacificus in the United States [5-7] and Ixodes
ricinus, the primary vector in Europe. Over the last two
decades, there has been a 300% increase in the number
of US counties affected by Lyme disease [6], with record
numbers of new cases of tick-borne diseases reported
to the CDC [8] including seven new infectious agents
that can cause illness. These include Borrelia mayonii,
Borrelia miyamotoi, Ehrlichia ewingii, Ehrlichia muris
eauclairensis, Heartland virus, Rickettsia parkeri, and
Rickettsia species 364D [9]. The 2017 national data

capture only a fraction of the number of people suffering
with tickborne illnesses, since current Lyme disease
testing may underestimate the true number of individuals
affected [10-13] and under-reporting of vector-borne
diseases is common, so the number of people actually
infected is much higher accounting for a larger health
care burden [14].

Concomitantly, there has been a significant increase
in exposure to environmental toxins during the past
several decades. The initial CDC report [15] evaluated
more than 116 different environmental toxins and found
a significant number of Americans were affected [15]. An
updated report (“The Fourth Report”) contains testing
information on 75 previously untested compounds, (for
a total of 212 compounds measured) [16]. Outcomes
include blood and urinary levels of heavy metals
(mercury, arsenic and lead), 30 different solvents, as
well as levels of acrylamides, bisphenol A, phthalates,
chlorinated and organophosphate pesticides and aromatic
hydrocarbons. Standard medical care does not routinely
measure the burden of these environmental chemicals
and may underestimate their importance and health
consequences. Similarly, testing for tick-borne diseases
like Lyme disease can underestimate the true incidence
of individuals affected due to the organism evading an
immune response [17-21]. Considering our high levels
of risk and exposure, are there potential interactions
between the rising burden of tick-borne infections and
environmental toxins that could account in part for rising
rates of chronic diseases worldwide?
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Both infections and toxins may increase an inflammatory
response in the body [22,23] and ‘growing evidence
suggests a close link between inflammation and many
chronic health conditions including diabetes, metabolic
syndrome, cardiovascular disease, cancer, rheumatoid
arthritis, inflammatory bowel disease, asthma, and
chronic obstructive lung disease’ [24]. There have
also been published associations with rising rates of
fibromyalgia [25] and chronic fatigue syndrome/myalgic
encephalomyelitis (CFS/ME) [26,27], where both
disorders (which affect approximately 11 million people
in the US and 3-6% of the world’s population) have been
linked to infection [28-32], toxins [33], and inflammation
[34]. Similar patterns have been seen with rising rates of
autoimmune disease which now affect over 23 million
Americans [35]. Several autoimmune conditions have
been associated with infections (Borrelia burgdorferi)
[36-41], environmental toxins [42-45] and inflammation
[46]. The same pattern has been shown to exist for rising
rates of autism spectrum disorder (ASD), now prevalent
in 1/59 children (1-2% of children born in North America
and Asia) [47,48], with 1 in 6 children in the United
States now suffering from mild to serious developmental
disabilities [49]. Infections (Borrelia burgdorfert) [50],
environmental toxins (including but not limited to
mercury, lead, manganese, methylene chloride, diesel
exhaust, pesticides) [51-54] and inflammation [55-57]
have all been shown to have an association with autism
and ADD. Infections and fat soluble toxins with a
propensity for the central nervous system may similarly
play a role with ALS [58,59] and Alzheimer’s disease [60-
64] where inflammation increases symptomatology [65-
67]. As the US population ages, Alzheimer’s disease will
become an enormous public health problem [68], since
47 million people have now been estimated to suffer with
pre-clinical Alzheimer’s in the United States [69].

As we search for answers to mitigate the rising rates of
these and other chronic diseases, a one cause, one disease
model (Koch’s postulate) is inadequate. A precision
medical approach which addresses multiple underlying
sources of inflammation and their downstream effects
in a multifactorial model has the potential to improve
health care outcomes [70-73]. Multiple factors causing
inflammation on the 16 point Multiple Systemic Infectious
Disease Syndrome (MSIDS) model [71,72] such as chronic
infections [30,74,75], dysbiosis of intestinal bacteria
[76 1, leaky gut with food allergies and sensitivities
[771, sleep disorders [78,79], environmental toxins [80]
and nutritional deficiencies [81-83] may all increase
underlying cytokine formation and lead to downstream
effects including endocrine disorders (low testosterone,
low adrenal function) [73,84,85], neurological and
psychological dysfunction [86-88], dysautonomia with
postural orthostatic tachycardia syndrome (POTS) [89-

91], mitochondrial dysfunction [92,93], liver dysfunction
[04-96], pain syndromes [97-100] and autoimmune
phenomenon [38]. These factors may contribute to
chronic fatiguing, musculoskeletal pain syndromes
with neurocognitive difficulties, part of the spectrum of
symptoms seen in many emerging chronic diseases.

As Lyme disease approaches endemic proportions in the
United States and Europe [101-103] with both diagnosed
and undiagnosed patients suffering from disabling chronic
symptoms [104], leading to rising rates of disability [105]
and where a large portion of the US population (12.8%
to 25.9%) now reports medically diagnosed multiple
chemical sensitivity (MCS) [106], it is incumbent on our
health care system to improve diagnostic and treatment
parameters for tick-borne illness, and begin to account
for the large number of environmental chemicals entering
our bodies. A One Health approach [107,108] which
promotes integrated solutions for complex problems that
impact the health of animals, humans and the planet,
while considering multiple potential causes of illness
[73] is an essential paradigm shift if we are to responsibly
address the 21st century medical challenges before us.

Disclaimer
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and do not represent the views of the Tick-Borne Disease
Working Group, HHS or the United States.

References

1. WHO | 2. Background. WHO. Retrieved from https://
www.who.int/nutrition/topics/2_background/en/

2. Murray CJ, Lopez AD, World Health Organization.
The global burden of disease: a comprehensive assessment
of mortality and disability from diseases, injuries, and risk
factors in 1990 and projected to 2020: summary.

3. 2019 Guideline on the Primary Prevention of
Cardiovascular Disease. Retrieved from https://
professional.heart.org/professional/ScienceNews/
UCM 503619 2019-Guideline-on-the-Primary-
Prevention-of-Cardiovascular-Disease.jsp

4. The top 10 causes of death. Retrieved from https://
www.who.int/news-room/fact-sheets/detail /the-top-10-
causes-of-death

5. Cook MJ. Lyme borreliosis: a review of data on
transmission time after tick attachment. International
journal of general medicine. 2015;8:1.

6. Kugeler KJ, Farley GM, Forrester JD, Mead PS.
Geographic distribution and expansion of human Lyme
Disease, United States. Emerging infectious diseases. 2015

Arch Med Case Rep. 2019
Volume 1, Issue 1


https://www.who.int/nutrition/topics/2_background/en/
https://www.who.int/nutrition/topics/2_background/en/
https://professional.heart.org/professional/ScienceNews/UCM_503619_2019-Guideline-on-the-Primary-Prevention-of-Cardiovascular-Disease.jsp
https://professional.heart.org/professional/ScienceNews/UCM_503619_2019-Guideline-on-the-Primary-Prevention-of-Cardiovascular-Disease.jsp
https://professional.heart.org/professional/ScienceNews/UCM_503619_2019-Guideline-on-the-Primary-Prevention-of-Cardiovascular-Disease.jsp
https://professional.heart.org/professional/ScienceNews/UCM_503619_2019-Guideline-on-the-Primary-Prevention-of-Cardiovascular-Disease.jsp
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death

Horowitz R. The Global Rise of Chronic Diseases: Why Broaden the Paradigm to Include Tick-borne Illness and Environmental

Toxin Exposure? Arch Med Case Rep. 2019; 1(1):7-13.

Aug;21(8):1455-7.

7. Feder Jr HM, Abeles M, Bernstein M, Whitaker-Worth
D, Grant-Kels JM. Diagnosis, treatment, and prognosis
of erythema migrans and Lyme arthritis. Clinics in
dermatology. 2006 Nov 1;24(6):509-20.

8. How many people get Lyme disease? | Lyme Disease
| CDC. Retrieved from htips://www.cde.gov/lyme/stats/
humancases.html

9. CDC. Prevention is key in fight against Lyme and
other tickborne diseases. Centers for Disease Control and
Prevention. Retrieved from https://www.cdc.gov/ticks

10. Coulter P, Lema C, Flayhart D, Linhardt AS, Aucott
JN, Auwaerter PG, Dumler JS. Two-year evaluation of
Borrelia burgdorferi culture and supplemental tests for
definitive diagnosis of Lyme disease. Journal of clinical
microbiology. 2005 Oct 1;43(10):5080-4.

11. Ang CW, Notermans DW, Hommes M, Simoons-
Smit AM, Herremans T. Large differences between test
strategies for the detection of anti-Borrelia antibodies are
revealed by comparing eight ELISAs and five immunoblots.
European journal of clinical microbiology & infectious
diseases. 2011 Aug 1;30(8):1027-32.

12. Cook MJ, Puri BK. Commercial test kits for detection
of Lyme borreliosis: a meta-analysis of test accuracy.
International journal of general medicine. 2016;9:427.

13. Cook MJ, Puri BK. Application of Bayesian decision-
making to laboratory testing for Lyme disease and
comparison with testing for HIV. International journal of
general medicine. 2017;10:113-123.

14. Mac S, da Silva SR, Sander B. The economic burden

of Lyme disease and the cost-effectiveness of Lyme
disease interventions: A scoping review. PLoS ONE.
2019;14(1):e0210280.

15. Stephenson J. CDC Report on Environmental Toxins.
JAMA. 2003;289(10):1230-1233.

16. Crinnion WJ. The CDC fourth national report on
human exposure to environmental chemicals: what it tells
us about our toxic burden and how it assists environmental
medicine physicians. Alternative medicine review. 2010
Jun 1;15(2):101-9.

17. Lawrence C, Lipton RB, Lowy FD, Coyle PK.
Seronegative chronic relapsing neuroborreliosis. European

neurology. 1995;35(2):113-7.

18. Dattwyler RJ. Seronegative Lyme Disease: Dissociation
of Specific T And B Lymphocyte Responses to Borrelia

Burgdorferi. The Pediatric Infectious Disease Journal. 1989
Sep 1;8(9):662.

19. Dejmkova H, Hulinska D, Tegzova D, Pavelka K,
Gatterova J, Vaviik P. Seronegative Lyme arthritis caused
by Borrelia garinii. Clinical rheumatology. 2002 Aug

1;21(4):330-4.

20. Pikelj F, Strle F, Mozina M. Seronegative Lyme
disease and transitory atrioventricular block. Annals of
internal medicine. 1989 Jul 1;111(1):90-.

21. Schutzer SE, Coyle PK, Belman AL, Golightly MG,
Drulle J. Sequestration of antibody to Borrelia burgdorferi
in immune complexes in seronegative Lyme disease.
Lancet. 1990;335(8685):312-315.

22, Signore A. About inflammation and infection.
EJNMMI research. 2013 Dec;3(1):8.

23. Thompson PA, Khatami M, Baglole CJ, Sun J,
Harris SA, Moon EY, Al-Mulla F, Al-Temaimi R, Brown
DG, Colacci AM, Mondello C. Environmental immune
disruptors, inflammation and cancer risk. Carcinogenesis.
2015 Jun 1;36(Suppl_1):S232-53.

24. Zhong J, Shi G. Regulation of Inflammation in
Chronic Disease. Frontiers in Immunology. 2019;10:737.

25. Prevalence. National Fibromyalgia Association
(NFA). Retrieved from http://www.fmaware.org/about-

fibromyalgia/prevalence/ .

26. Valdez A, Hancock EE, Adebayo S, Kiernicki D,
Proskauer D, Attewell JR, Bateman L, DeMaria Jr A,
Lapp CW, Rowe PC, Proskauer C. Estimating Prevalence,
Demographics and Costs of ME/CFS Using Large Scale
Medical Claims Data and Machine Learning. Frontiers in
pediatrics. 2018;6:412.

27. How Many People Have ME/CFS? — American ME

and CFS Society. Retrieved from https://ammes.org/how-
many-people-have-mecfs/

28. Gaudino EA, Coyle PK, Krupp LB. Post-Lyme
syndrome and chronic fatigue syndrome: neuropsychiatric
similarities and differences. Archives of Neurology. 1997
Nov 1;54(11):1372-6.

29. Katz BZ, Shiraishi Y, Mears CJ, Binns HJ, Taylor R.
Chronic fatigue syndrome after infectious mononucleosis
in adolescents. Pediatrics. 2009 Jul 1;124(1):189-93.

30. Nicolson GL, Haier J. Role of chronic bacterial and
viral infections in neurodegenerative, neurobehavioural,
psychiatric, autoimmune and fatiguing illnesses: part 2.
British Journal of Medical Practitioners. 2010 Mar 1;3(1).

Arch Med Case Rep. 2019
Volume 1, Issue 1


https://www.cdc.gov/lyme/stats/humancases.html
https://www.cdc.gov/lyme/stats/humancases.html
https://www.cdc.gov/ticks
http://www.fmaware.org/about-fibromyalgia/prevalence/
http://www.fmaware.org/about-fibromyalgia/prevalence/
https://ammes.org/how-many-people-have-mecfs/
https://ammes.org/how-many-people-have-mecfs/

Horowitz R. The Global Rise of Chronic Diseases: Why Broaden the Paradigm to Include Tick-borne Illness and Environmental

Toxin Exposure? Arch Med Case Rep. 2019; 1(1):7-13.

31. Nicolson GL, Gan R, Haier J. Multiple co-infections
(Mycoplasma, Chlamydia, human herpes virus-6) in blood
of chronic fatigue syndrome patients: association with
signs and symptoms. Apmis. 2003 May;111(5):557-66.

32. Nicolson GL, Nicolson NL, Haier J. Chronic fatigue
syndrome patients subsequently diagnosed with Lyme
disease Borrelia burgdorferi: evidence for Mycoplasma
species coinfections. Journal of Chronic Fatigue Syndrome.
2007 Jan 1;14(4):5-17.

33. Brewer J, Thrasher J, Straus D, Madison R, Hooper
D. Detection of mycotoxins in patients with chronic fatigue
syndrome. Toxins. 2013 Apr 11;5(4):605-17.

34. Glassford JA. The neuroinflammatory etiopathology
of myalgic encephalomyelitis/chronic fatigue syndrome
(ME/CFS). Frontiers in physiology. 2017 Feb 17;8:88.

35. Autoimmune Diseases. National Institute of
Environmental Health Sciences. Retrieved from
https://www.niehs.nih.gov/health/topics/conditions/

autoimmune/index.cfm

36. Goebel KM, Krause A, Neurath F. Acquired
transient autoimmune reactions in Lyme arthritis:
correlation between rheumatoid factor and disease
activity. Scandinavian Journal of Rheumatology. 1988 Jan

1;17(sup75):314-7.

37. Rupprecht TA, Elstner M, Weil S, Pfister HW.
Autoimmune-mediated polyneuropathy triggered by
borrelial infection?. Muscle & Nerve: Official Journal of
the American Association of Electrodiagnostic Medicine.
2008 Jun;37(6):781-5.

38. Singh SK, Girschick HJ. Lyme borreliosis: from
infection to autoimmunity. Clinical Microbiology and
Infection. 2004 Jul 1;10(7):598-614.

39. Alaedini A, Latov N. Antibodies against OspA
epitopes of Borrelia burgdorferi cross-react with neural
tissue. Journal of neuroimmunology. 2005 Feb 1;159(1-

2):192-5.

40. Kologrivova EN, Baraulina AS, Nechaeva SV,
Shestakova II, Stronin OV, Vlasova NM, Sal’nikova
OM. Intensity of the production of rheumatoid factor in
patients with different degrees of sensitization to Borrelia
garinii antigens. Zhurnal mikrobiologii, epidemiologii, i
immunobiologii. 2005(2):80-3.

41. Brorson @, Brorson SH, Henriksen TH, Skogen
PR, Schayen R. Association between multiple sclerosis and
cystic structures in cerebrospinal fluid. Infection. 2001
Dec 1;29(6):315-9.

42. Parks CG, Miller FW, Pollard KM, Selmi C, Germolec
D, Joyce K, Rose NR, Humble MC. Expert panel workshop
consensus statement on the role of the environment in
the development of autoimmune disease. International
journal of molecular sciences. 2014 Aug;15(8):14269-97.

43. Pfau JC, Serve KM, Noonan CW. Autoimmunity and
asbestos exposure. Autoimmune diseases. 2014;2014.

44. Gallagher CM, Meliker JR. Mercury and thyroid
autoantibodies in US women, NHANES 2007-2008.
Environment international. 2012 Apr 1;40:39-43.

45. Cooper GS, Parks CG, Treadwell EL, St Clair EW,
Gilkeson GS, Dooley MA. Occupational risk factors for
the development of systemic lupus erythematosus. The
Journal of rheumatology. 2004 Oct 1;31(10):1928-33.

46. Duan L, Rao X, Sigdel KR. Regulation of Inflammation
in Autoimmune Disease. Journal of immunology research.
2019;2019.

47. CDC. Data and Statistics on Autism Spectrum
Disorder | CDC. Centers for Disease Control and
Prevention. Retrieved From: https://www.cdc.gov/

ncbddd/autism/data.html

48. Xu G, Strathearn L, Liu B, O’brien M, Kopelman TG,
Zhu J, Snetselaar LG, Bao W. Prevalence and treatment
patterns of autism spectrum disorder in the United States,
2016. JAMA pediatrics. 2019 Feb 1;173(2):153-9.

49. CDC. Key Findings: Developmental Disabilities
Prevalence Trends | CDC. Centers for Disease Control
and Prevention. Retrieved from: https://www.cdc.gov/
ncbddd/developmentaldisabilities/features/birthdefects-
dd-kevfindings.html

50. Kuhn M, Bransfield R. Divergent opinions of proper
Lyme disease diagnosis and implications for children
co-morbid with autism spectrum disorder. Medical
hypotheses. 2014 Sep 1;83(3):321-5.

51. Landrigan PJ. What causes autism? Exploring the
environmental contribution. Current opinion in pediatrics.
2010 Apr 1;22(2):219-25.

52. von Ehrenstein OS, Ling C, Cui X, Cockburn M, Park
AS, Yu F, Wu J, Ritz B. Prenatal and infant exposure to
ambient pesticides and autism spectrum disorder in
children: population based case-control study. bmj. 2019
Mar 20;364:1962.

53. Bakian AV, VanDerslice JA. Pesticides and autism.
BMJ. 2019;364.

54. Shelton JF, Geraghty EM, Tancredi DJ, Delwiche

Arch Med Case Rep. 2019
Volume 1, Issue 1

10


https://www.niehs.nih.gov/health/topics/conditions/autoimmune/index.cfm
https://www.niehs.nih.gov/health/topics/conditions/autoimmune/index.cfm
https://www.cdc.gov/ncbddd/autism/data.html
https://www.cdc.gov/ncbddd/autism/data.html
https://www.cdc.gov/ncbddd/developmentaldisabilities/features/birthdefects-dd-keyfindings.html
https://www.cdc.gov/ncbddd/developmentaldisabilities/features/birthdefects-dd-keyfindings.html
https://www.cdc.gov/ncbddd/developmentaldisabilities/features/birthdefects-dd-keyfindings.html

Horowitz R. The Global Rise of Chronic Diseases: Why Broaden the Paradigm to Include Tick-borne Illness and Environmental

Toxin Exposure? Arch Med Case Rep. 2019; 1(1):7-13.

LD, Schmidt RJ, Ritz B, Hansen RL, Hertz-Picciotto I.
Neurodevelopmental disorders and prenatal residential
proximity to agricultural pesticides: the CHARGE
study. Environmental health perspectives. 2014 Jun
23;122(10):1103-9.

55. Wei H, Chadman KK, McCloskey DP, Sheikh AM,
Malik M, Brown WT, Li X. Brain IL-6 elevation causes
neuronal circuitry imbalances and mediates autism-like
behaviors. Biochimica et Biophysica Acta (BBA)-Molecular
Basis of Disease. 2012 Jun 1;1822(6):831-42.

56. Xu N, Li X, Zhong Y. Inflammatory cytokines:
potential biomarkers of immunologic dysfunction in
autism spectrum disorders. Mediators of inflammation.
2015;2015.

57. Jones KL, Croen LA, Yoshida CK, Heuer L, Hansen R,
Zerbo O, DeLorenze GN, Kharrazi M, Yolken R, Ashwood
P, Van de Water J. Autism with intellectual disability is
associated with increased levels of maternal cytokines and
chemokines during gestation. Molecular psychiatry. 2017
Feb;22(2):273.

58. Burakgazi  AZ. Lyme disease—induced
polyradiculopathy = mimicking amyotrophic lateral
sclerosis. International Journal of Neuroscience. 2014 Nov
2;124(11):859-62.

59. Su FC, Goutman SA, Chernyak S, Mukherjee B,
Callaghan BC, Batterman S, Feldman EL. The Role of
Environmental Toxins on ALS: A Case-Control Study of
Occupational Risk Factors. JAMA neurology. 2016 Jul

1;73(7):803.

60. Blanc F, Philippi N, Cretin B, Kleitz C, Berly L, Jung
B, Kremer S, Namer IJ, Sellal F, Jaulhac B, de Seze J. Lyme
neuroborreliosis and dementia. Journal of Alzheimer’s
Disease. 2014 Jan 1;41(4):1087-93.

61. Pretorius E, Bester J, Kell DB. A bacterial component
to Alzheimer’s-type dementia seen via a systems biology
approach that links iron dysregulation and inflammagen
shedding to disease. Journal of Alzheimer’s Disease. 2016

Jan 1;53(4):1237-56.

62. Bu XL, Yao XQ, Jiao SS, Zeng F, Liu YH, Xiang Y,
Liang CR, Wang QH, Wang X, Cao HY, Yi X. A study
on the association between infectious burden and
Alzheimer’s disease. European journal of neurology. 2015
Dec;22(12):1519-25.

63. Allen HB, Morales D, Jones K, Joshi S. Alzheimer’s

disease: A novel hypothesis integrating spirochetes,
biofilm, and the immune system. J Neuroinfect Dis.
2016;7(1):200.

64. Richardson JR, Roy A, Shalat SL, Von Stein RT,
Hossain MM, Buckley B, Gearing M, Levey Al, German
DC. Elevated serum pesticide levels and risk for Alzheimer
disease. JAMA neurology. 2014 Mar 1;71(3):284-90.

65. Tobinick EL. Inflammatory markers and the risk of
Alzheimer disease: The Framingham Study. Neurology.
2008 Apr 1;70(14):1222-3.

66. Mrak  RE, Griffin ~ WS. Interleukin-1,
neuroinflammation, and Alzheimer’s disease.
Neurobiology of aging. 2001 Nov 1;22(6):903-8.

67. Mattsson N, Bremell D, Anckarsiter R,
Blennow K, Anckarsidter H, Zetterberg H, Hagberg L.
Neuroinflammation in Lyme neuroborreliosis affects
amyloid metabolism. BMC neurology. 2010 Dec;10(1):51.

68. Brookmeyer R, Abdalla N, Kawas CH, Corrada MM.
Forecasting the prevalence of preclinical and clinical
Alzheimer’s disease in the United States. Alzheimer’s &
Dementia: The Journal of the Alzheimer’s Association.
2018;14(2):121-129.

69. Chelsea. New study estimates 47 million Americans
with preclinical Alzheimer’s disease - UCI MIND. Retrieved

from http://www.mind.uci.edu/new-study-estimates-47-
million-americans-with-preclinical-alzheimers-disease

70. Horowitz RI. Clinical Roundup: Selected Treatment
Options for Lyme Disease. Alternative and Complementary
Therapies. 2012;18(4):220-225.

71. Horowitz R. Why Can’t I Get Better? Solving the
Mystery of Lyme and Chronic Disease. 1 edition. New
York: St. Martin’s Press; 2013.

72. Horowitz R. How Can I Get Better?: An Action Plan
for Treating Resistant Lyme & Chronic Disease. 1 edition.
New York, NY: St. Martin’s Griffin; 2017.

73. Horowitz RI, Freeman PR. Precision Medicine: The
Role of the MSIDS Model in Defining, Diagnosing, and
Treating Chronic Lyme Disease/Post Treatment Lyme
Disease Syndrome and Other Chronic Illness: Part 2.
Healthcare. 2018;6(4):129.

74. Berghoff W. Suppl 1: Chronic Lyme Disease and Co-
infections: Differential Diagnosis. The open neurology
journal. 2012;6:158.

75. Horowitz RI, Freeman PR. Precision medicine:
retrospective chart review and data analysis of 200
patients on dapsone combination therapy for chronic Lyme
disease/post-treatment Lyme disease syndrome: part 1.
International journal of general medicine. 2019;12:101.

Arch Med Case Rep. 2019
Volume 1, Issue 1

11


http://www.mind.uci.edu/new-study-estimates-47-million-americans-with-preclinical-alzheimers-disease
http://www.mind.uci.edu/new-study-estimates-47-million-americans-with-preclinical-alzheimers-disease

Horowitz R. The Global Rise of Chronic Diseases: Why Broaden the Paradigm to Include Tick-borne Illness and Environmental

Toxin Exposure? Arch Med Case Rep. 2019; 1(1):7-13.

76. Maeda Y, Kurakawa T, Umemoto E, Motooka
D, Ito Y, Gotoh K, Hirota K, Matsushita M, Furuta Y,
Narazaki M, Sakaguchi N. Dysbiosis contributes to
arthritis development via activation of autoreactive T
cells in the intestine. Arthritis & rheumatology. 2016
Nov;68(11):2646-61.

77. Michielan A, D’Incd R. Intestinal permeability
in inflammatory bowel disease: pathogenesis, clinical
evaluation, and therapy of leaky gut. Mediators of
inflammation. 2015;2015.

78. Greenberg HE, Ney G, Scharf SM, Ravdin L, Hilton E.
Sleep quality in Lyme disease. Sleep. 1995;18(10):912-916.

79. Haack M, Sanchez E, Mullington JM. Elevated
Inflammatory Markers in Response to Prolonged Sleep
Restriction are Associated with Increased Pain Experience
in Healthy Volunteers. Sleep. 2007;30(9):1145-1152.

80. Clarkson TW, Magos L. The toxicology of mercury
and its chemical compounds. Critical reviews in toxicology.
2006 Jan 1;36(8):609-62.

81. Prasad AS, Beck FW, Bao B, Fitzgerald JT, Snell DC,
Steinberg JD, Cardozo LJ. Zinc supplementation decreases
incidence of infections in the elderly: effect of zinc on
generation of cytokines and oxidative stress. The American
journal of clinical nutrition. 2007 Mar 1;85(3):837-44.

82. Shankar AH, Prasad AS. Zinc and immune function:
the biological basis of altered resistance to infection.
The American journal of clinical nutrition. 1998 Aug
1;68(2):447S-63S.

83. Foster M, Samman S. Zinc and regulation of
inflammatory cytokines: implications for cardiometabolic
disease. Nutrients. 2012 Jul;4(7):676-94.

84. Attina TM, Hauser R, Sathyanarayana S, Hunt
PA, Bourguignon JP, Myers JP, DiGangi J, Zoeller RT,
Trasande L. Exposure to endocrine-disrupting chemicals
in the USA: a population-based disease burden and cost
analysis. The Lancet Diabetes & Endocrinology. 2016 Dec
1;4(12):996-1003.

85. Berczi I, Szentivanyi A. The pituitary gland,
psychoneuroimmunology and infectious disease.
Psychoneuroimmunology, Stress and Infection; Friedman,
H., Klein, T., Friedman, A., Eds. 1996:79-109.

86. Fallon BA, Levin ES, Schweitzer PJ, Hardesty D.
Inflammation and central nervous system Lyme disease.
Neurobiology of disease. 2010 Mar 1;37(3):534-41.

87. Bransfield RC. Suppl 1: The Psychoimmunology
of Lyme/Tick-Borne Diseases and its Association with
Neuropsychiatric Symptoms. The open neurology journal.
2012;6:88.

88.Bransfield RC,CookMJ, Bransfield DR. Proposed Lyme
Disease Guidelines and Psychiatric Illnesses. InHealthcare
2019 Sep (Vol. 7, No. 3, p. 105). Multidisciplinary Digital
Publishing Institute.

89. Raj SR. The postural tachycardia syndrome (POTS):
pathophysiology, diagnosis & management. Indian pacing
and electrophysiology journal. 2006 Apr;6(2):84.

90. Karas B, Grubb BP, Boehm K, Kip K. The postural
orthostatic tachycardia syndrome: a potentially treatable
cause of chronic fatigue, exercise intolerance, and
cognitive impairment in adolescents. Pacing and Clinical
Electrophysiology. 2000 Mar;23(3):344-51.

91. Kanjwal K, Karabin B, Kanjwal Y, Grubb BP. Postural
orthostatic tachycardia syndrome following Lyme disease.
Cardiology journal. 2011;18(1):63-6.

92. Balaban RS, Nemoto S, Finkel T. Mitochondria,
oxidants, and aging. cell. 2005 Feb 25;120(4):483-95.

93. Nicolson G, Settineri R, Ellithorpe R. Lipid
Replacement Therapy with a Glycophospholipid
Formulation with NADH and CoQ10 Significantly Reduces
Fatigue in Intractable Chronic Fatiguing Illnesses and
Chronic Lyme Disease Patients. International Journal of
Clinical Medicine. 2018;03(03):163-170.

94. Kazakoff MA, Sinusas K, Macchia C. Liver function
test abnormalities in early Lyme disease. Arch Fam Med.

1993 Apr 1;2(4):409-13.

95. Horowitz HW, Dworkin B, Forseter G, Nadelman
RB, Connolly C, Luciano BB, Nowakowski J, O’Brien TA,
Calmann M, Wormser GP. Liver function in early Lyme
disease. Hepatology. 1996 Jun;23(6):1412-7.

96. Shimizu Y. Liver in systemic disease. World journal of
gastroenterology: WJG. 2008 Jul 14;14(26):4111.

97. Clauw DJ, Chrousos GP. Chronic pain and fatigue
syndromes: overlapping clinical and neuroendocrine
features and potential pathogenic mechanisms.
Neuroimmunomodulation. 1997;4(3):134-153.

98. Edwards T. Inflammation, pain, and chronic disease:
an integrative approach to treatment and prevention.
Alternative therapies in health and medicine. 2005 Nov
1;11(6):20.

Arch Med Case Rep. 2019
Volume 1, Issue 1

12



Horowitz R. The Global Rise of Chronic Diseases: Why Broaden the Paradigm to Include Tick-borne Illness and Environmental

Toxin Exposure? Arch Med Case Rep. 2019; 1(1):7-13.

99. Sibanc B, Lesnicar G. Complex regional pain
syndrome and lyme borreliosis: two different diseases?
Infection. 2002;30(6):396-399.

100. Sommer C, Kress M. Recent findings on how
proinflammatory cytokines cause pain: peripheral
mechanisms in inflammatory and neuropathic
hyperalgesia. Neuroscience letters. 2004 May 6;361(1-

3):184-7.

101. Rosenberg R, Lindsey NP, Fischer M, Gregory CJ,
Hinckley AF, Mead PS, Paz-Bailey G, Waterman SH,
Drexler NA, Kersh GJ, Hooks H. Vital signs: trends in
reported vectorborne disease cases—United States and
territories, 2004—2016. Morbidity and Mortality Weekly
Report. 2018 May 4;67(17):496.

102. An Estimate of Lyme Borreliosis Incidence in

Western Europe. Retrieved From: https://www.
researchgate.net/publication/287561527 An
Estimate_of Lyme_ Borreliosis Incidence_in
Western_ Europe

103. DeLong A, Hsu M, Kotsoris H. Estimation of
cumulative number of post-treatment Lyme disease
cases in the US, 2016 and 2020. BMC Public Health.
2019;19(1):352.

104. Klempner MS, Hu LT, Evans J, Schmid CH,
Johnson GM, Trevino RP, Norton D, Levy L, Wall D,
McCall J, Kosinski M. Two controlled trials of antibiotic
treatment in patients with persistent symptoms and
a history of Lyme disease. New England Journal of
Medicine. 2001 Jul 12;345(2):85-92..

105. Johnson L, Wilcox S, Mankoff J, Stricker RB.
Severity of chronic Lyme disease compared to other
chronic conditions: a quality of life survey. PeerJ. 2014
Mar 27;2:e322.

106. Steinemann A. National Prevalence and Effects of
Multiple Chemical Sensitivities. Journal of Occupational
and Environmental Medicine. 2018;60(3):e152.

107. Breitschwerdt EB. Bartonellosis: One Health
Perspectives for an Emerging Infectious Disease. ILAR

J. 2014;55(1):46-58.

108. Breitschwerdt EB. Bartonellosis, One Health and
all creatures great and small. Veterinary Dermatology.
2018;28(1):96-e21.

Arch Med Case Rep. 2019
Volume 1, Issue 1

13


https://www.researchgate.net/publication/287561527_An_Estimate_of_Lyme_Borreliosis_Incidence_in_Western_Europe
https://www.researchgate.net/publication/287561527_An_Estimate_of_Lyme_Borreliosis_Incidence_in_Western_Europe
https://www.researchgate.net/publication/287561527_An_Estimate_of_Lyme_Borreliosis_Incidence_in_Western_Europe
https://www.researchgate.net/publication/287561527_An_Estimate_of_Lyme_Borreliosis_Incidence_in_Western_Europe

