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Maternal-fetal transmission of Bb, adverse pregnancy outcomes and congenital infection has been 
documented over the last 35 years since the pioneering case report by Schlesinger et al1 was published in 
1985, resulting in widespread notification of this alternate mode of transmission through epidemiological 
bulletins issued by the Centres for Disease Control2 (CDC), World Health Organization3 and Canadian Federal 
Health authorities.4  
 
The CDC has recently updated their online public guidance to address the risk of maternal-fetal transmission 
of Bb.5  Vertical transmission of Bb also been reported by the U.S. Tick-borne Working Group 2018 Federal 
Report to Congress6 by the National Institutes of Health7 and Government of Canada, Canadian Centre for 
Occupational Health and Safety.8  Several medical experts have suggested that Bb be added to the list of 
microbes known to cause congenital and perinatal infections.9 10 11  
 
The UK Royal Society of Obstetricians and Gynecologists12 has listed Lyme disease as one of the infectious 
organisms which can cross the placenta leading to late intrauterine fetal death and stillbirth.  The American 
College of Obstetricians and Gynecologists (ACOG) 1991 committee opinion  acknowledges spirochetes can 
cross the placenta with resulting stillbirth,13 and a 2003 review in the American Journal of Obstetrics and 
Gynecology (AJOG) also identifies Bb as etiologic for stillbirth.14 
 
 
 
 
 

 
1 Schlesinger PA, Duray PH, Burke BA, Steere AC and Stillman MT.  Maternal-Fetal transmission of the Lyme disease spirochete, Borrelia Burgdorferi.  Ann Intern 

Med.  1985;103(1):67-8.  https://pubmed.ncbi.nlm.nih.gov/4003991/     
2 MMWR. 'Lyme disease and cases occurring during pregnancy' Vol 34, No 25, June 28, 1985), pp. 376-378.  

https://www.cdc.gov/mmwr/preview/mmwrhtml/00000569.htm 
3 World Health Organization, Geneva. Weekly Epidemiological Record. No. 39. 26 September 1986. Page 297-304.  
4 Health and Welfare Canada. Lyme Disease in Canada. Canada Dis Wkly Report, June 4, 1988.  
5 U.S. Department of Health and Human Services.  Centers for Disease Control and Prevention.  Ticks and Lyme Disease: Pregnancy and Lyme Disease.  Updated Jan 

27, 2020. https://www.cdc.gov/lyme/resources/toolkit/factsheets/Pregnancy-and-Lyme-Disease-508.pdf  Date accessed: July 7, 2020 
6 https://www.hhs.gov/sites/default/files/tbdwg-report-to-congress-2018.pdf  (Best way to cite?) 
7 U.S. Department of Health and Human Services.  National Institutes of Health. Lyme Disease, The Facts, The Challenge.  NIH Publication No. 08-7045, July 2008. 
8 Canadian Centre for Occupational Health and Safety. Lyme Disease.  June 2008. Date accessed: July 7, 2020.  
 https://web.archive.org/web/20080602101953/http://www.ccohs.ca/oshanswers/diseases/lyme.html 
9 Stray-Pedersen, B. (1993). New Aspects of Perinatal Infections. Annals of Medicine, 25(3), 295ï300. doi:10.3109/07853899309147878. 
10 Boyer SG, Boyer KM.  Update on TORCH Infections in the Newborn Infant.  Newborn and Infant Nursing Reviews, Vol 4, No 1 (March), 2004:pp70-80. 

https://www.medscape.com/viewarticle/472409 
11 Maldonado Y, Nizet V, O.Klein J, Remington J, Wilson C. Current concepts of Infections of the Fetus and Newborn Infant (Chapter 1). Found in Remington and 
Klein Infectious Diseases of the Fetus and Newborn Infant, 8th edition, 2015.   https://www.elsevier.com/books/remington-and-kleins-infectious-diseases-of-the-fetus-

and-newborn-infant/wilson/978-0-323-24147-2 
12 Late Intrauterine Fetal Death and Stillbirth. Royal College of Obstetricians and Gynecologists. Green-top Guideline No. 55, October 2010.   
13 ACOG Committee Opinion: Committee on Obstetrics: Maternal and Fetal Medicine. Lyme disease during pregnancy.   Int J Gynecol Obset 1992, 39:59-60. 

https://pubmed.ncbi.nlm.nih.gov/1358705/ 
14 Goldenberg, R. L., & Thompson, C. (2003). The infectious origins of stillbirth. American Journal of Obstetrics and Gynecology, 189(3), 861ï

873. doi:10.1067/s0002-9378(03)00470-8  

http://www.lymehope.ca/
https://pubmed.ncbi.nlm.nih.gov/4003991/
https://www.cdc.gov/mmwr/preview/mmwrhtml/00000569.htm
https://www.cdc.gov/lyme/resources/toolkit/factsheets/Pregnancy-and-Lyme-Disease-508.pdf
https://www.hhs.gov/sites/default/files/tbdwg-report-to-congress-2018.pdf
https://web.archive.org/web/20080602101953/http:/www.ccohs.ca/oshanswers/diseases/lyme.html
https://www.medscape.com/viewarticle/472409
https://www.elsevier.com/books/remington-and-kleins-infectious-diseases-of-the-fetus-and-newborn-infant/wilson/978-0-323-24147-2
https://www.elsevier.com/books/remington-and-kleins-infectious-diseases-of-the-fetus-and-newborn-infant/wilson/978-0-323-24147-2
https://pubmed.ncbi.nlm.nih.gov/1358705/
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Several animal studies have identified that vertical transmission of Borrelia burgdorferi can occur. 15 16 17 18 
Gustofen whose PhD dissertation19 focused on vertical transmission in dogs and foxes states: ΨLǘ ƛǎ ǎǳǊǇǊƛǎƛƴƎ 
that the evidence presented for transplacental transmission has received little notice by investigators. It would 
seem that the clinical and epidemiological implications, if significant, could have an impact on current thinking 
ŀƴŘ ƳŜŀǎǳǊŜǎ ǘŀƪŜƴ ǘƻ ƳŀƴŀƎŜ ǘƘŜ ŘƛǎŜŀǎŜΦΩ  A group of researchers from China20 who identified and reported 
vertical transmission in naturally infected mice and rats state: Ψin-utero transmission is a potential means by 
ǿƘƛŎƘ ǘƘŜ ǎǇƛǊƻŎƘŜǘŜ Ŏŀƴ ōŜ ǘǊŀƴǎƳƛǘǘŜŘ ƛƴ ŀ ōǊŜŜŘƛƴƎ ǇƻǇǳƭŀǘƛƻƴ ƛƴ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ ŀ ǘƛŎƪ ǾŜŎǘƻǊΦΩ 
 
Case reports in humans also describe transmission of Borrelia burgdorferi from mother to baby21 with 
outcomes ranging from miscarriage22 and stilbirth,23 24 to cases of neontal death25 26 and congenital infection27 
28  with multi-system clinical presentations.29  
 
Since 1999, (over 20 years), there has been a lack of government funded research exploring maternal-fetal 
transmission of Borrelia burgdorferi in North America.   The last NIH funded research on this issue was 
published in 1996 30 and identified Borrelia burgdorferi by PCR in placentas of a small subset of women 
without history of tickbite or objective clinical manifestations of Lyme with borderline to negative serology.  
wŜǎŜŀǊŎƘŜǊǎ ŀǘ ǘƘŀǘ ǘƛƳŜ ǊŜŎƻƳƳŜƴŘŜŘ ŦǳǊǘƘŜǊ ƛƴǾŜǎǘƛƎŀǘƛƻƴΥ Ψƭong-term follow-up of infants born to mothers 
with placenta spirochetes is needed to determine what effect, if any, placental spirochetes may have on 
health and development of these individualsΦΩ  Clearly, the prevalence, incidence, clinical spectrum and 
potential long-term health consequences of infants exposed to Lyme in-utero must be further examined.31   

 
 

 
15 Burgess EC, Gendron-Fitzpatrick A, Mattison M.  Foal mortality associated with natural infection of pregnant Mares with Borrelia burgdorferi.  In Proceedings, 5th 

Int Conf Equine Infectious Dis, 1989, 217-220.  
16 Ubico-Navas, SR.  Experimental and epizootiologic studies of Lyme disease. Ph.D. Dissertation.  Colorado State University, 1992.   
17 Liebstein M. M., Khan M. I., Bushmich S.L. Evidence for in utero transmission of Borrelia burgdorferi from naturally infected cows. J Spirochetal Tick-Borne Dis 

1998; 5(4):54-62. 
18 Gustafson JM, Burgess EC, Wachal MD, Steinberg H.  Intrauterine transmission of Borrelia burgdorferi in dogs.  AM J Vet Res. Vol 54, No. 6, June 1993.  
19 Gustafson, John Michael, Ph.D.  The in utero and seminal transmission of Borrelia burgdorferi in Canidae. The University of Wisconsin - Madison, 1993.  PhD 
Thesis. 
20 Khanlin W, Zhefu Z, Hongying W, Xuexia H, et al.  Preliminary investigation on reservoir hosts of borrelia Burgdorferi in China.  Journal of Hygiene Research. 1999 

Jan 30;28(1):7-9. 
21 Weber K, Bratzke H, Neubert UWE et al. Borrelia Burgdorferi in a newborn despite oral penicillin for Lyme borreliosis during pregnancy. Pediatric Infectious 

Disease Journal Vol 7, No 4, 286-289, 1988. https://europepmc.org/article/med/3130607 
22 Horowitz RI. Lyme disease and pregnancy: Implications of chronic infection, PCR testing, and prenatal treatment. In Proceedings of the 16th International Scientific 

Conference on Lyme Disease & Other Tickï Borne Disorders, Hartford, CT, USA 2003 Jun (pp. 7-8). 
23 MacDonald, A. Lyme borreliosis. Implications for the Fetus. Rheum Dis Clin North Am. 1989;15(4):657-77.  https://pubmed.ncbi.nlm.nih.gov/2685924/ 
24 Maraspin V, Cimperman J, Lotric-Furlan S, Pleterski-Rigler D, Strle F (1999) Erythema migrans in pregnancy. Wien Klin Wochenschr 111:933ï940. 
25 Lavoie PE, Lattner BP, Duray P. H et al. Culture positive, seronegative, transplacental Lyme borreliosis infant mortality (abstract no W/TH-P-92).  In: Abstracts (book 
2) of the 4th International Conference on Lyme borreliosis, 1990.  Stockholm, Sweden, p 128. 
26 Schlesinger PA, Duray PH, Burke BA, Steere AC and Stillman MT.  Maternal-Fetal transmission of the Lyme disease spirochete, Borrelia Burgdorferi.  Ann Intern Med.  
1985;103(1):67-8.  https://pubmed.ncbi.nlm.nih.gov/4003991/            
27 Trevisan G, Stinco G, Cinco M. Neonatal skin lesions due to a spirochetal infection: a case of congenital Lyme borreliosis? Int J Dermatol. (1997) 36:677ï80.  

https://pubmed.ncbi.nlm.nih.gov/9352409/ 
28 Dattwyler R, Volkman D., Luft B. Immunologic aspects of Lyme borreliosis. Review of Infectious Diseases Vol 11(6) 1989.  https://pubmed.ncbi.nlm.nih.gov/2682961/ 
29 Gardner, T. Lyme disease, Chapter 11. In: Remington JK, J. editor. Infectious Diseases of the Fetus and Newborn, 5th ed: Saunders; 2001. pp. 519-641. 
30 Figueroa R, Bracero LA, Aguero-Rosenfeld M, Beneck D, Coleman J, Schwartz I. Confirmation of Borrelia burgdorferi spirochetes by polymerase chain reaction in 

placentas of women with reactive serology for Lyme antibodies. Gynecol Obstet Invest. 1996;41(4):240-3. 
31 Bale, James F.; Murph, Jody R. (1992). Congenital Infections and the Nervous System. Pediatric Clinics of North America, 39(4), 669ς690.  

 

https://europepmc.org/article/med/3130607
https://pubmed.ncbi.nlm.nih.gov/2685924/
https://pubmed.ncbi.nlm.nih.gov/4003991/
https://pubmed.ncbi.nlm.nih.gov/9352409/
https://pubmed.ncbi.nlm.nih.gov/2682961/
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State of the art science is required to investigate the research gaps and complexities of this alternate mode of 
transmission and will require a collaborative multi-disciplinary, multi-ǎǘŀƪŜƘƻƭŘŜǊ ΨǊŜƭŀȅ-ǘŜŀƳΩ ŀǇǇǊƻŀŎƘ, 
which values an integrative model of bringing together patients with lived experience, front-line clinicians, 
clinical researchers and scientists to collectively identify, propose and carry out further investigation.  

 
Timeline of North American Research/Publications on Lyme disease and pregnancy and congenital Lyme. 
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Researchers/Clinicians recommend additional research and prospective studies: 
 
Many past researchers and investigators have highlighted the necessity and importance of large-scale 
prospective studies as a critical next step.    
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Research Recommendations ς Citations: 

 
1. Markowitz LE, Steere AC, Benach JL, Slade JD, Broome CV. Lyme disease during pregnancy. JAMA. 1986 

Jun 27;255(24):3394-6. 
 

2. Cartter M, Hadler J, Gerber M, Mofenson L.  Lyme Disease and Pregnancy.  Connecticut Medicine.  
Volume 53 (6), June 1989.  

 
3. Luft BJ, Dattwyler RJ.  Lyme Borreliosis.  Current Clinical Topics Infectious Disease.  1989; 10:56-81.   

 
4. Gerber M, Zalneraitis E.  Childhood neurologic disorders and Lyme disease during pregnancy.  Pediatric 

Neurology Vol 11(1), 1994.  
 

5. Edly S.  Lyme Disease During Pregnancy.  New Jersey Medicine.  Vol 87 (7), July 1990.  
 

6. Figueroa R, Bracero LA, Aguero-Rosenfeld M, Beneck D, Coleman J, Schwartz I. Confirmation of Borrelia 
burgdorferi spirochetes by polymerase chain reaction in placentas of women with reactive serology for 
Lyme antibodies. Gynecol Obstet Invest. 1996;41(4):240-3. 

 
7. Silver HM. Lyme disease during pregnancy. Infect Dis Clin North Am. 1997 Mar;11(1):93-7. 

 
8. Gardner T.  Infectious Diseases of the Fetus and Newborn Infant. In: Remington JS, Klein JO, editors. 

Lyme Disease, Chapter 11.  5th ed.  Philadelphia, PA:  The W.B. Saunders Co.;2001.  pp. 519-641. 
 

9. Waddell LA, Greig J, Lindsay LR, Hinckley AF, Ogden NH (2018) A systematic review on the impact of 
gestational Lyme disease in humans on the fetus and newborn. PLoS ONE 13(11): e0207067. 

 
10. Lambert JS. An Overview of Tickborne Infections in Pregnancy and Outcomes in the Newborn: The 

Need for Prospective Studies. Front Med (Lausanne). 2020;7:72. Published 2020 Mar 6.  
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Lyme and Pregancy Registry: 
 
A Lyme and Pregnancy registry needs to be re-initiated to inform epidemiological surveillance and collect 
important data. This should be accompanied with the formation of a biobank/biorepository with samples from 
mother baby pairs such as placentas, amniotic fluid, cord-blood, serum, urine, breastmilk and other tissue 
which could be accessed by researchers for further investigation. This kind of information could inform the 
creation of a surveillance and clinical case definition for congenital Lyme. 
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Interim Guidelines for Lyme and Pregnancy: 
 
Interim guidelines for the evaluation, treatment and follow-up of infants born to mothers with Lyme during 
pregnancy needs to be developed.  These could systematically guide and assist frontline clinicians caring for 
pregnant patients with Lyme and with babies who may have been exposed to Lyme in-utero.  
 
This guideline would identify appropriate laboratory testing, assessment tools, treatment recommendations 
and recommendations for histological evaluation of samples such as placentas and cord tissue.  It could be 
modified as more data accumulates but would serve as a necessary starting point. 
 

 
 

 

Of note, a similar guideline was initiated by the CDC after the first case of transplacental transmission of West 
Nile Virus was first identified.  https://www.cdc.gov/mmwr/preview/mmwrhtml/mm5307a4.htm 
 

 

 

 

 

 

https://www.cdc.gov/mmwr/preview/mmwrhtml/mm5307a4.htm
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Cases reporting maternal-fetal transmission of Borrelia burgdorferi /spirochetes/borrelia species to 
offspring and/or placenta ranging between 1985-1987. 

 
1. Schlesinger PA, Duray PH, Burke BA, Steere AC and Stillman MT.  Maternal-Fetal transmission of the Lyme 

disease spirochete, Borrelia Burgdorferi.  Ann Intern Med.  1985;103(1):67-8.  

 

2. MacDonald AB. Human fetal borreliosis, toxemia of pregnancy, and fetal death. Zentralbl Bakteriol Mikrobiol 

Hyg A. 1986 Dec;263(1-2):189-200.  
 

3. Lampert, R.  Infantile multisystem inflammatory disease: another case of a new syndrome.  Eur J Pediatr (1986) 

144:593-596. 

 

4. Maraspin V, Cimperman J, Lotric-Furlan, S et al. Erythema migrans in pregnancy. Wein Klin Wochenschr (1999) 

111/22-23:933-940. 

 

5. MacDonald A, Benach J, Burgdorfer W. Stillbirth following Maternal Lyme Disease. New York State Journal of 

Medicine vol 87, November 1987.  

 

6. Lavoie PE, Lattner BP, Duray PH, Barbour AG, Johnson RC.  Culture positive seronegative transplacental Lyme 

Borreliosis infant mortality (1987) Arthritis Rheum, 30(4), 3(suppl):S50 
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Cases reporting maternal-fetal transmission of Borrelia burgdorferi /spirochetes/borrelia species to 
offspring and/or placenta ranging between 1988-1996. 
 

 
 

7. Weber K, Bratzke H, Neubert UWE et al. Borrelia Burgdorferi in a newborn despite oral penicillin for Lyme borreliosis during 
pregnancy. Pediatric Infectious Disease Journal Vol 7, No 4, 286-289, 1988  

 
8. Dattwyler R, Volkman D, Luft B. Immunologic aspects of Lyme borreliosis. Review of Infectious Diseases, Vol 11(6) 1989. 

 
9. MacDonald A. Gestational Lyme Borreliosis. Implications for the fetus. Rheum Dis Clin North Am. 1989 Nov;15(4):657-77  

 
10. Horst, H.:  Borrelia burgdorferi-Infektionen in der Schwangerschaft.  In: Hassler, D. (Hrsg):  Infection Taschenbuch Lyme-

Borreliose.  MMV. Medizin Verlag, Munchen 1992, 85-91. 
 

11. Gasser R, Dusleag J, Reisinger E, et al. A Most Unusual Case of a Whole Family Suffering from Late Lyme Borreliosis for Over 
20 Years. Angiology. 1994;45(1):85-86. 

 
12. Gardner T.  Infectious Diseases of the Fetus and Newborn Infant. In: Remington JS, Klein JO, editors. Lyme Disease, Chapter 

11.  5th ed.  Philadelphia, PA:  The W.B. Saunders Co.;2001.  pp. 519-641. 
 

13. Figueroa R, Bracero LA, Aguero-Rosenfeld, M et al. Confirmation of Borrelia Burgdorferi spirochetes by polymerase chain 
reaction in placentas of women with reactive serology for Lyme antibodies. Gynecol Obstet Invest. 1996;41(4):240-3. 
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Cases reporting maternal-fetal transmission of Borrelia burgdorferi /spirochetes/borrelia species to 
offspring and/or placenta ranging between 1997-2011 

14. Trevison G, Stinco G, Cinco M. Neonatal skin lesions due to a spirochetal infection: a case of congenital Lyme borreliosis? Journal of 
Dermatology, 36, 677, 1997. 
 

15. Horowitz R, Yunker LL.  Lyme Disease and Pregnancy: Implications of Chronic Infection, PCR testing and Prenatal Treatment Case 
Presentation.  16th International Scientific Conference on Lyme Disease and other Tick-Borne Diseases.  June 7, 8, 2003.  
 

16. Jones,  CR., Smith H., Gibb E, Johnson L.  Gestational Lyme Disease Case Studies of 102 Live Births.  Lyme Times,   Gestational  Lyme 
Studies,  Summer 2005, pp. 36-38. 
 

17. Lazebnik T,  Zal'tsman P.  A Case of Congenital Neuroborreliosis.  St Petersburg Medical Academy of Postgraduate Education, St. 
Petersburg, Russia.  2005. 
 

18. Onk, G., Acun C., Murat K., et al.  Gestational Lyme disease as a cause of Congenital Hydrocephalus.  J Turkish German Gynecol Assoc. Vol 
6(2):156-157. 
 

19. ±ŀƴƻǳǎƻǾŀ 5Σ bŜƳŎƻǾŀ !Σ Iǳƭƛƴǎƪŀ 5Σ {ŎƘƳƛŜŘōŜǊƎŜǊƻǾŀ wΦΣ IŜǊŎƻƎƻǾŀ WΦ ¢ǊŀƴǎǇƭŀŎŜƴǘłǊƴƝ ǇǌŜƴƻǎ ōƻǊŜƭƛƝΚ 2Ŝǎ-slov Derm, нллтΣ ǊƻőΦ унΣ 
őΦ пΣ ǎΦ нму 
 

20. Hercogova J, Vanousova D. Syphilis and borreliosis during pregnancy. Dermatol Ther. 2008 May-Jun;21(3):205-9.  
 

21. aŀǊŀǎǇƛƴΣ ±ΦΤ [ǳǎŀΣ [ΦΤ .ƭŜƧŜŎΣ ¢ΦΤ wǳȌƛŏ-{ŀōƭƧƛŏΣ 9ΦΤ tƻƘŀǊ tŜǊƳŜΣ aΦΤ {ǘǊƭŜΣ CΦ /ƻǳǊǎŜ ŀƴŘ hǳǘŎƻƳŜ ƻŦ 9ǊȅǘƘŜƳŀ aƛƎǊŀƴǎ ƛƴ tǊŜƎƴŀƴǘ 
Women. J. Clin. Med. 2020, 9, 2364. 
 

22. Hulinksa, D., Votypka J., Horejsi J.  Disseminated Lyme borreliosis and its laboratory diagnosis.  Zpravy Epidemiologie A Mikrobiologie 
(SZU Praha) 2011:20(1) 
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Summary of cases reporting maternal-fetal transmission of Borrelia burgdorferi /spirochetes/borrelia 
species to offspring and/or placenta 

 
19 cases identification through via in autopsy of fetal tissue, neonate tissue 
Å 8 neonatal deaths 
Å 4 cases of stillbirth 
Å 7 cases of miscarriage 

 
14 cases of live-birth, neonatal infection and adverse outcomes 
2 cases of live-birth, Bb identified by PCR in cordblood of infants whose mothers were treated 
 
17 cases Bb identified by PCR in placentas of treated (15) and untreated (2) women 
1 case Bb identified by immunohistochemical techniques in placenta of treated woman 
2 cases whereby Bb has been identified in breastmilk by PCR of women with EM rash 
 
IHC = immunohistochemistry 
IFA = indirect immunofluorescence 
H5332 ς monoclonal antibody specific to Bb (Osp A) 
https://pubmed.ncbi.nlm.nih.gov/6192088/ 

 
8 cases of live birth and subsequent neonatal death 
 

o 1 case Bb cultured  
o 4 cases Bb identified by IHC/IFA/H5332  
o 1 case spirochetes identified by darkfield microscopy (mother seropos for Bb) 
o 2 cases spirochetes morphologically compatible w Bb by silver stain. 

 

1985 
 
 

Infant born at 35 weeks, died 
after 39 hours.  Mother had EM 
in first trim. Not treated. 

Borrelia compatible w Bb identified in multiple 
organs.  Bb identified in Myocardium later by 
IHC 

Schlesinger et al. 
 
MacDonald, 1989 

1986 Infant born at 32 weeks, died 
hours later.  Mom had tickbite 
and EM. Was been treated for 
Bb, was seropositive. 

Darkfield microscopy revealed spirochetes in 
fetal lung, liver.   

Maraspin et al. 
(1999) 

1987 Infant healthy at birth, died at 8 
days. Mother had no hx tickbite 
or EM rash.  Was seronegative. 

Bb cultured from frontal cerebral cortex. Silver 
stain confirmed infection in brain ad heart. 

Lavoie et al. 
(1987) 

1988 Infant born initially healthy, died 
23 hours later.  Mother had 
tickbite, EM, seropositive. 

Bb spirochetes identified in neonate brain and 
liver. Bb identified in paraffin sections of infant 
brain using monoclonal antibody H5332.   

Weber et al 
(1988) 

 

 

 

https://pubmed.ncbi.nlm.nih.gov/6192088/
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1989 Two cases of neonatal death  
Case 5 live birth 39 weeks died 
shortly thereafter 
Case 6 live birth 40 weeks died 
shortly therafter. 

Case 5: Spirochetes identified by 
immunohistochemistry in fetal tissue. 
Case 6: Spirochetal fragments identified in fetal 
autopsy tissue by indirect immunofloursence.  

MacDonald, 1989 

1989 Two cases of neonatal death  
4 month male died at 4 months 
4 month femake died at 4 
months from SIDS 

In both cases spirochetes morphologically 
consistent with Bb were identified by silver 
stain. 

MacDonald, 1989 

 

4 Cases of stillbirth  
 

o 1 case Bb identified by culture and monoclonal antibody H5332 
o 1 case spirochetes identified by darkfield microscopy of mother seropositive for Bb 
o 2 case Bb identified by indirect immunofluorescence 

 

1986 33 week stillborn infant.  Mother 
had positive serology (IFA)  
neg. syphilis. 
No recall tickbite/symptoms. 
 

Spirochetes identified by darkfield 
microscopy in lung liver and brain tissue 
specimens. 

Maraspin et al 
(1999) 

1987/1989 (Case 1) 40 week term stillborn 
infant.  Mother had EM rash in 
first trim.  Not treated.  Seropos 
for Bb at 2/3 labs. 

Bb cultured from fetal liver of stillborn 
infant and confirmed w H5332 
monoclonal antibody.  Silver stains 
revealed spirochetes in myocardium, 
placenta, liver and brain. 
Immunofluorescence revealed spirochetes 
in heart, adrenal gland, placenta +mid-
brain  
 

Macdonald et al  
1987/1989 

1986/1989 (Case 3) stillbirth 23 weeks.  No 
medical history for Lyme or 
tickbite, was seronegative for Bb 
 

B. burgdorferi was identified in tissue by 
indirect immunofluorescence. 

Macdonald, 
1986/1987. 

1989 (Case 10) intrauterine death at 
25 weeks.  No infections noted 
for mother, was nonreactive for 
Bb. 

Autopsy revealed intraventricular septal 
defect without additional internal 
anomalies.  Bb was identified in autopsy 
tissue by indirect immunofluorescence. 
 

Macdonald, 
1989 
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7 cases of miscarriage: 

o 3 cases Bb was identified by immunofluorescence in fetal tissue 
o 1 case spirochetes identified in culture 
o 1 case Bb identified w immunohistochemistry using monoclonal antibodies 
o 1 case Borrelia identified by electron microscopy and monoclonal antibodies 
o 1 case Bb identified in fetal tissue and placenta by PCR  

 
1989 (Case 2: Fetal Lyme borreliosis with 

miscarriage 19 week gestation) 
No maternal recall of tickbite or EM rash. 
Severe toxemia of pregnancy in week 17.  
Post partum serology for Bb negative at 2 
labs. 

Autopsy revealed Bb was in fetal tissue 
by indirect immunoflourescence. 

MacDonald, 
1986, 1989 

1989 (Case 4: Fetal Lyme borreliosis with 
miscarriage at 15 weeks gestation)  
Uneventul first trimester of pregnancy.  
Postpartum Bb serology was negative. 

Autopsy revealed spirochetes in fetal 
liver and in placenta.  No inflammation 
in fetal viscera.  Bb was identified in 
tissue by indirect immunoflourescence. 

MacDonald, 
1989 

1989 (Case 7: Fetal Lyme Borreliosis with 
miscarriage 17 weeks gestation)  
2 weeks prior mother had experienced 
vaginal bleeding and cramping.  Post 
partum Bb serology negative. 

Autopsy revealed hydrocephalus and 
spirochetes identified in fetal brain by 
indirect immunofluorescence. 

Macdonald, 
1989 

1989 (Case 8: Fetal Lyme Borreliosis with 
Miscarriage at 16 weeks gestation) 
2 weeks prior, mother experienced vaginal 
bleeding, abdominal cramps and low grade 
fever.  Post partum Bb serology negative 

Autopsy revealed spirochetes  in fetal 
brain with immunohistochemistry using 
monoclonal antibodies, no 
malformations noted. No inflammation 
noted in viscera. 
 

MacDonald, 
1989 

1989 (Case 9: Fetal Lyme Borreliosis with 
Miscarriage at 12 weeks gestation).  
Mother had history of two past pregnancy 
losses at 8 and 26 weeks gestation but  
neither fetus had been examined 
histologically. 
 

Culture of fetal viscera in BSK revealed 
spirochetes in fetal kidney.  No 
spirochetes were identfied in fetal 
viscera using immunohistochemistry. 

MacDonald, 
1989 

2003 
 
 

Mother was diagnosed with Lyme Lyme 
prior to Pregnancy. Sero + IgG WB. 
Antibiotic treatment prior to pregnancy 
Miscarriage 18wks  
 

Miscarriage 18wks ; PCR Bb positive 
placenta and fetal tissues at MDL labs 
 

Horowitz, 2003 

2008 Pregnant woman with disseminated Lyme 
borreliosis with EM/arthralgia/paresthesia 
Treated with oral PCN for 5 days week 10 
and retreatment week 14, positive LB 
serology 

15 weeks Intrauterine fetal death. 
Borrelia like organisms in ultrathin 
sections of placenta detected using 
monoclonal antibody H9724 against 
flagellin. (description from Maraspin, 
2020). 

Hercagova, 
2008; 
 
Maraspin, 
2020 
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14 cases Intrauterine Lyme infection/Fetal borreliosis/Congenital Lyme with adverse outcomes.  (suspected 
and confirmed) 
 

1986 No recall of tick bite or EM rash 
Asymptomatic mother 
Untreated pregnancy, later found to be 
seropositive Bb IgG. 
 

Multi-system inflammatory disease in infant.  
Elevated IgG ELISA titers repeatedly 
ƛŘŜƴǘƛŦƛŜŘ ƛƴ ŎƘƛƭŘΩǎ ǎŜǊǳƳ ǿƘƛŎƘ ŘŜŎǊŜŀǎŜŘ ǿ 
antibiotic therapy 
Authors question intrauterine infection with 
Lyme as precursor to this syndrome. 

Lampert et 
al, 1986 

1989 (Case 11: Fetal Lyme borreliosis presenting as 
neonatal sepsis at term pregnancy) 
A 19 yr old woman delivered a term baby who 
developed respiratory distress in the first hour of 
life.   

Infant developed respiratory distress in first 
hour of life, treated with IV antibiotics. 
Examination of placenta revealed rare B. 
burgdorferi spirochetes. 

MacDonald, 
1989 

1989 (Case 12: Fetal Borreliosis with Toxemia of 
Pregnancy and Neonatal Sepsis).  26 yr old 
woman had onset of toxemia at 37 weeks.  Infant 
was healthy at birth but shortly after developed 
respiratory distress, hypoglycemia and fever.   

Infant developed respiratory distress shortly 
after birth, treated with antibiotics for sepsis 
NYD. 
At request of attending pediatrician, placenta 
was re-examined for spirochetes by Warthin 
starry silver impregnation.  Many spirochetes 
were found in the placenta. 

MacDonald, 
1989 

1989 Mother infected in second trimester. Treated for 
Lyme.  Seronegative.  
 

Baby was born with neurologic dysfunction. 
Spinal tap on neonate reveals serological 
evidence of antibodies specific to borrelia in 
CSF. 
 

Dattwyler 
et al, 1989 

1992 No maternal tick bite, no EM 
Asymptomatic, Maternal serology revealed 
significantly increased IgM titer and slightly 
increased IgG.  Untreated pregnancy 
 

Infant developed neonatal sepsis, treated w 
antibiotics. CSF and blood of 3-day old infant 
revealed increased IgG and IgM Borrelia 
antibodies.  Total IgM was greatly increased. 
Syphilis and mononucleosis were negative in 
mother and child. 
 

Horst, 1993 

1994 Maternal tick bite, EM, flu like symptoms in 1968, 
was not treated.  Later developed arthritis, cranial 
neuritis, meningitis,  depression.  Had Bb positive 
immunoblot 

A son was born in 1969, at birth suffered 
from several minor abnormalities.  He was 
generally weak, had recurrent episodes of 
fever. Extreme irritability and depression.  
Was diagnosed w Lyme by immunoblot. 
 

Gasser et 
al, 1994. 

1995 
/2001 

Mild early Congenital Lyme borreliosis:  
(Patient number 23) 
 

 
See chapter for details 

Gardner, 
2001 

1995, 
2001 

Mild Early Congenital Lyme borreliosis:  
(Patient number 26) 
 

 
See chapter for details 

Gardner, 
2001 
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1995, 
2001 

Severe Early Congenital Lyme borreliosis: 
(Patient number 24) 
 

 
See chapter for details 

Gardner 
2001 

1995, 
2001 

Late Congenital Lyme Borreliosis  
(Patient number 25) 

 
See chapter for details 

Gardner 
2001 
 

1997 No maternal tick-bite or EM reported. Mother 
was asymptomatic and seropositive (slightly high 
IgG 1:128, cutoff 1:64). Untreated pregnancy 

Infant w dermatologic manifestations at 3 
weeks. Bb + by PCR of skin specimen at 9 
mths serology neg by IFA, ELISA, WB.   
At 13 mths neg IFA/EIA but IgG 
seroconversion  
Treated w seven courses of antibiotics for 
recurring skin manifestations. 
 

Trevison, 
et al 1997 

2005 Mothers of children all had either untreated or 
partially treated Lyme disease, some as a result of 
a tick bite during pregnancy.  Most often mothers 
were diagnosed prior to their children.  A 
retrospective analysis of progression of symptoms 
revealed oftentimes symptoms were overlooked 
in children until they gradually progressed in 
frequency and severity. 
 

Details of testing in one case given: 
 
Both amniotic fluid and cord-blood of one 
infant tested positive for Borrelia burgdorferi. 
 

Jones et al, 
2005 

2005 Mother has tick Bite 1st Trimester, develops high 
fever, presumed flu.  
Untreated Pregnancy. After birth dx w 
tetraparesis, neuroborreliosis ALS.  

Child dx w congenital neuroborreliosis w 
symptoms starting at 2years 10 months, 
negative EIA, Bb PCR posΣ ŎƘƛƭŘΩǎ ǎȅƳǇǘƻƳǎ 
improved w antibiotics. 
 

Lazebnik et 
al, 2005 

2005 No maternal tick bite no, EM 
Asymptomatic, sero + Untreated pregnancy 
 

Infant girl born w hydrocephalus and 
gestational Lyme. At birth 41KDa and 75 kDa 
identified in infant IgM WB. 
 

Onk et al, 
2005 

 
2 cases of Bb identified in cord blood in mothers of treated for EM in pregnancy. 
 
2007 13 pregnant patients with EM 

during pregnancy, treated in 
pregnancy.  Maternal blood, 
umbilical cord blood and placenta 
were examined during childbirth.  
Borrelia was detected in umbilical 
cord blood and placenta by direct 
and indirect methods in 3 cases. 

Case 1: suspected plasmid Bb by PCR in cordblood;   
Case 2: positive genome and suspected plasmid in 
placenta along w electron microscope detection in 
placenta,  
Child 3: suspected genome and plasmid in umbilical 
cord blood and positive genome w suspected plasmid 
in placenta. 
 
 

Vanousova 
et al, 2007 
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17 cases Bb identified in Placenta by PCR in treated and untreated pregnancies. 
 

1996 
 (2 cases) 

60 placentas in asymptomatic women 
with ELISA pos or equivocal serology 
were tested by silver stain, and if 
positive by PCR in a prenatal screening 
program. In women w placental 
spirochetes, no maternal history of tick 
bite, EM or symptoms of Lyme disease 
noted. 
 

 
3/60 placentas identified spirochetes by Silver staining 
PCR confirmed Borrelia burgdorferi in 2/3 placentas  3 
women had negative syphilis serology, all had equivocal 
ELISA, 2 had negative WB, one had equivocal WB by CDC 
criteria.  
 

Figueroa et 
al, 1996 

2003 
 
(1 case) 

Lyme diagnosis prior to pregnancy.  
Sero + IgG WB. 
Extensive Treatment prior to 
pregnancy. 
Miscarriage 18wks  
 
 

Miscarriage 18wks  
PCR Bb positive placenta and fetal tissues at MDL labs 
 

Horowitz et 
al, 2003 

2007 
 
(2 cases) 

13 pregnant patients with EM during 
pregnancy, treated in pregnancy.  
Maternal blood, umbilical cord blood 
and placenta were examined during 
childbirth.  Borrelia was detected in 
umbilical cord blood and placenta by 
direct and indirect methods in 3 cases. 
 

 
Case 2: positive genome and suspected plasmid in placenta 
along w electron microscope detection in placenta 
Case 3: suspected genome and plasmid in umbilical cord 
blood and positive genome w suspected plasmid in 
placenta. 
 

Vanousova  
et al, 2007 

2011 
 
(12 cases) 

Pregnant women with EM rash in first 
trimester treated with antibiotics. 
 

In 2008 :5 placentas, 2009: 5 placentas, 2010: 2 placentas. 
Bb DNA detected by PCR and/or electron microscopy.  
Culture performed in 2 cases and histology. 
 

Hulinksa et 
al, 2011 

 

1 case Bb identified in placenta by monoclonal antibody 
 

2008 Pregnant woman with disseminated 
Lyme borreliosis with 
EM/arthralgia/paresthesia 
Treated with oral PCN for 5 days week 
10 and retreatment week 14, positive 
LB serology. 

15 weeks Intrauterine fetal death. 
Borrelia like organisms in ultrathin sections of placenta 
detected using monoclonal antibody H9724 against 
flagellin.  
(full description from Maraspin, 2020 ς Table 4).  
 
 

Hercagova et 
al, 2008; 
Maraspin et 
al, 2020 

 
2 cases Bb identified by PCR in breastmilk 
 

2008 ΨLƴ ŀŘŘƛǘƛƻƴ ǘƻ ǳǊƛƴŜΣ ōǊŜŀǎǘ Ƴƛƭƪ ŦǊƻƳ ǘǿƻ ƭŀŎǘŀǘƛƴƎ ǿƻƳŜƴ ǿƛǘƘ ŜǊȅǘƘŜƳŀ ƳƛƎǊŀƴǎ was tested and also found reactive. 
Borrelia burgdorferi DNA can be detected with high sensitivity (91%) by a nested PCR in urine of patients with Lyme 
ōƻǊǊŜƭƛƻǎƛǎΦΩ  

 
Schmidt BL, Aberer E, Stockenhuber C, Klade H, Breier F, Luger A. Detection of Borrelia burgdorferi DNA by polymerase chain 
reaction in the urine and breast milk of patients with Lyme borreliosis. Diagn Microbiol Infect Dis. 1995 Mar;21(3):121-8. 
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Vertical transmission of Borrelia burgdorferi in animals  
(note green highlight denotes natural infection, yellow highlight is experimental study) 
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Vertical transmission of Borrelia burgdorferi in animals ς continued 
(note green highlight denotes natural infection, yellow highlight is experimental study) 
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