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Maternal-fetal transmission of Lyme disease, adverse pregnancy outcomes, and congenital infection have been documented over the last 35 years since the pioneering findings of transplacental transmission of the Lyme disease spirochete were first reported by Schlesinger et al in 1985.[footnoteRef:1] This initial case-report triggered widespread notification of the risk of this alternate mode of transmission through epidemiological bulletins issued by the Centres for Disease Control[footnoteRef:2] (CDC), World Health Organization[footnoteRef:3] and Canadian Federal health authorities.[footnoteRef:4] The CDC has recently updated their online public guidance to address the risk of maternal-fetal transmission of Bb.[footnoteRef:5] Vertical transmission of Bb also been reported by the U.S. Tick-borne Working Group 2018 Federal Report to Congress[footnoteRef:6] and by the US National Institutes of Health[footnoteRef:7] in an informational booklet on Lyme disease titled, ‘Lyme Disease, The Facts, The Challenge.’ [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/    
Schlesinger, P. A., Duray, P. H., Burke, B. A., Steere, A. C., & Stillman, M. T. (1986). Maternal-fetal transmission of the Lyme disease spirochete, borrelia burgdorferi. Obstetrical and Gynecological Survey, 41(3), 163-164. https://doi.org/10.1097/00006254-198603000-00011]  [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:  US Department of Health and Human Services. Tick-Borne Disease Working Group 2018 Report to Congress. https://www.hhs.gov/sites/default/files/tbdwg-report-to-congress-2018.pdf  ]  [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.] 


In 1991, Dr. Willy Burgdorfer, the world-renowned scientist[footnoteRef:8] attributed for the discovery of Bb authored a detailed summary[footnoteRef:9] on the findings of the spirochete that had been characterized and documented up to that date.  He stated, ‘after ten years of intensive investigations and more than 2500 scientific publications, Lyme borreliosis is now recognized as the most prevalent tick-borne disease that every year affects thousands of people – children and adults alike.  Indeed, in many regions where it is endemic, the disease itself has been considered second only to AIDS in public interest and concern.’ He also addressed the issue of in-utero transmission of Bb, discussing the ‘well-documented’ invasion of the placenta by spirochetes and both favourable and adverse pregnancy outcomes including neonatal death that had been reported up to that time.  Dr. Burgdorfer had also co-authored an important case-report[footnoteRef:10] with pathologist Dr. Alan Macdonald, reporting histologic and culture positive findings of Bb in fetal autopsy tissue of a stillborn infant whose mother had been infected with Lyme in her first trimester and not received medical treatment.  This report among several others set the foundation for expanding the clinical spectrum of Lyme disease from a purely zoonotic disease, to one which could also be transmitted from human-to-human,[footnoteRef:11] from a mother to her baby in pregnancy.   [8:  Bauer, L. The Great Willy Burgdorfer.  NIH I Am Intramural Blog. Feb 2, 2015.  https://irp.nih.gov/blog/post/2015/02/the-great-willy-burgdorfer-1925-2014]  [9:  Burgdorfer W.  Lyme Borreliosis: Ten Years after Discovery of the Etiologic Agent, Borrelia burgdorferi.  Infection 19 (1991) No. 4:257-261.]  [10:  MacDonald A, Benach J, Burgdorfer W. Stillbirth following Maternal Lyme Disease. New York State Journal of Medicine vol 87, Nov 1987. ]  [11:  Dennis, D.  Epidemiology.  Chapter 4.  In: Coyle PK. (ed) Lyme disease.  Mosby Year Book, 1992.  ISBN: 1-55664-365-9] 


Three separate groups of experts authored papers reviewing the clinical aspects and spectrum of Lyme disease, also recognizing congenital infection with Bb.  One paper [footnoteRef:12] stated, “Like syphilis, Lyme disease during pregnancy may be associated with congenital infection of the infant and resulting clinical illness. Several reports describe infants who died shortly after delivery, or were stillborn, to mothers who had Lyme disease during pregnancy. Spirochetes were found in autopsy specimens from some of these babies.”  A second review[footnoteRef:13] titled Clinical Features of Lyme borreliosis listed congenital disease as part of the main clinical spectrum of Lyme borreliosis, also highlighting similarities to syphilis.  A third paper[footnoteRef:14] by authors who had also reported on the first documented case of transplacental transmission of Bb[footnoteRef:15] stated: ‘It is clear that B. burgdorferi can be transmitted in the blood of infected pregnant women across the placenta into the fetus.  This has now been documented with resultant congenital infections and fetal demise.  Spirochetes can be recovered or seen in the infant’s tissues including the brain, spleen and kidney..’   [12:  Nadelman RB, Wormser GP. A clinical approach to Lyme disease. Mt Sinai J Med. 1990 May;57(3):144-56. PMID: 2196462.]  [13:  Weber, K.  Clinical Features of Lyme Borreliosis.  Clinical differences between European and North American Lyme borreliosis – a Review.  Stanek (Ed.).  Lyme borreliosis II, Zbl Bakt.  Suppl. 18, 1989.]  [14:  Duray PH, Steere AC.  Clinical pathologic correlations of Lyme disease by stage.  Ann N Y Acad Sci.  1988;539:65-79.]  [15:  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.] 

Thirty years after Dr. Burgdorfer’s 1991 report, the prevalence of new cases of Lyme disease continues to dramatically rise in North America and globally, with the US CDC estimating 470,000 yearly cases[footnoteRef:16] and estimates from Germany of over 300,000 new yearly cases.[footnoteRef:17] Epidemiological reports from China[footnoteRef:18] [footnoteRef:19] identify an average infection rate of 5.06% in the human population per year.  It is currently unknown and unstudied what percentage of new cases of Lyme disease attributable to maternal-fetal transmission of the spirochete, could be contributing the rising global prevalence. There is no epidemiological mechanism in place to identify or track these cases, even if considered rare.[footnoteRef:20] In a recent publication on tickborne infections in pregnancy[footnoteRef:21], the author, an infectious disease specialist, highlights that an ICD-11 code for congenital Lyme infection would allow for ‘better science and improved understanding’ of this alternate mode of transmission and in turn, result in ‘improved maternal and child health.’ [16:  https://www.cdc.gov/lyme/datasurveillance/index.html]  [17:  https://www.versorgungsatlas.de/fileadmin/ziva_docs/115/VA_21-06_Bericht_Borreliose_2021-06-24.pdf]  [18:  Hao Q, Geng Z, Hou XX, Tian Z, Yang XJ, Jiang WJ, Shi Y, Zhan ZF, Li GH, Yu DS, Wang HY, Xu JG, Wan KL. Seroepidemiological investigation of Lyme disease and human granulocytic anaplasmosis among people living in forest areas of eight provinces in China. Biomed Environ Sci. 2013 Mar;26(3):185-9.]  [19:  Zhang L, Zhu X, Hou X, Geng Z, Chen H, Hao Q. Test of 259 serums from patients with arthritis or neurological symptoms confirmed existence of Lyme disease in Hainan province, China. Int J Clin Exp Med. 2015 Jun 15;8(6):9531-6.]  [20:  Silver HM. Lyme disease during pregnancy. Infect Dis Clin North Am. 1997 Mar;11(1):93-7. doi: 10.1016/s0891-5520(05)70343-3. PMID: 9067786.]  [21:  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. doi:10.3389/fmed.2020.00072] 


Evidence for transmission of B. burgdorferi in pregnancy, from mother to placenta and/or fetus/neonate/child includes: 

· 20 cases whereby Borrelia was identified via autopsy of fetal[footnoteRef:22] [footnoteRef:23] [footnoteRef:24] or neonate tissue [footnoteRef:25] [footnoteRef:26] utilizing culture[footnoteRef:27] [footnoteRef:28], immunohistochemistry[footnoteRef:29], indirect immunofluorescence, PCR[footnoteRef:30] and microscopy. (8 neonatal deaths, 4 cases of stillbirth and 7 cases of miscarriage). [22:  MacDonald A. Gestational Lyme Borreliosis. Implications for the fetus. Rheum Dis Clin North Am. 1989 Nov;15(4):657-77 ]  [23:  Neubert, U. (1987): Erythema migrans in der Gravidität. Hautarzt; 38: 182-183.]  [24:  MacDonald AB. Human fetal borreliosis, toxemia of pregnancy and fetal death. Zentralbl Bakt Mikrobiol Hyg A. 1986 Dec;263(1-2):189-200.]  [25:  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. ]  [26:  Maraspin V, Cimperman J, Lotric-Furlan, S et al. Erythema migrans in pregnancy. Wein Klin Wochenschr (1999) 111/22-23:933-940.]  [27:  MacDonald A, Benach J, Burgdorfer W. Stillbirth following Maternal Lyme Disease. New York State Journal of Medicine vol 87, Nov 1987. ]  [28:  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]  [29:  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 ]  [30:  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. ] 

· 15 cases of live-birth, neonatal infection [footnoteRef:31] [footnoteRef:32] [footnoteRef:33] [footnoteRef:34] [footnoteRef:35] [footnoteRef:36] [footnoteRef:37] [footnoteRef:38] and adverse outcomes [footnoteRef:39] including two cases where Bb specific antibodies were identified in the cerebral spinal fluid (CSF) of infected symptomatic neonates.[footnoteRef:40] [footnoteRef:41] [31:  Dattwyler R, Volkman D, Luft B. Immunologic aspects of Lyme borreliosis. Review of Infectious Diseases, Vol 11(6) 1989.]  [32:  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.]  [33:  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.]  [34: Lampert, R.  Infantile multisystem inflammatory disease: another case of a new syndrome.  Eur J Pediatr (1986) 144:593-596.]  [35:  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.]  [36:  Lazebnik T,  Zal'tsman P.  A Case of Congenital Neuroborreliosis.  St Petersburg Medical Academy of Postgraduate Education, St. Petersburg, Russia.  2005.]  [37:  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.]  [38:  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.]  [39:  MacDonald A. Gestational Lyme Borreliosis. Implications for the fetus. Rheum Dis Clin North Am. 1989 Nov;15(4):657-77 ]  [40:  Dattwyler R, Volkman D, Luft B. Immunologic aspects of Lyme borreliosis. Review of Infectious Diseases, Vol 11(6) 1989.]  [41:  Horst, H.:  Borrelia burgdorferi-Infektionen in der Schwangerschaft.  In: Hassler, D. (Hrsg):  Infection Taschenbuch Lyme-Borreliose.  MMV. Medizin Verlag, Munchen 1992, 85-91.] 

· 2 cases of live-birth, Bb identified by PCR in cordblood of infants whose mothers were treated.[footnoteRef:42] [42:  Vanousova D, Nemcova A, Hulinska D, Schmiedbergerova R., Hercogova J. Transplacentární přenos borelií? Čes-slov Derm, 2007, roč. 82, č. 4, s. 218] 

· 1 case of a child who died at age 7 because of cerebral complicaitons of congenital Lyme borreliosis.[footnoteRef:43] [43:  Spector, R., Rummelt, V., Folberg R.  The Pathology of Congenital Lyme Borreliosis.  Abstract 1466-27. Investigative Opthamology and Visual Science, Annual Meeting.  May 2-May 7, 1993, Sarasota Florida.  March 15, 1993. Vol 34, No 4.] 

· 20 cases Bb identified by histological methods or PCR in placentas of treated[footnoteRef:44] [footnoteRef:45] [footnoteRef:46] [footnoteRef:47] [footnoteRef:48](18) and   untreated [footnoteRef:49] (2) women. [44:  Burrascano J (1993) Failure of aggressive antibiotic therapy to protect the placenta from invasion by B. burgdorferi in a pregnant patient with Lyme borreliosis. 6th Annual International Science Conference on Lyme Disease and other Tick-borne Diseases.  May 5-6, 1993, Atlantic City, NJ.]  [45:  Qureshi MZ, New D, Zulqarni NJ, Nachman S. Overdiagnosis and overtreatment of Lyme disease in children. Pediatr Infect Dis J. 2002 Jan;21(1):12-4.]  [46:  Hercogova J, Vanousova D. Syphilis and borreliosis during pregnancy. Dermatol Ther. 2008 May-Jun;21(3):205-9.]  [47:  Hulinksa, D., Votypka J., Horejsi J.  Disseminated Lyme borreliosis and its laboratory diagnosis.  Zpravy Epidemiologie A Mikrobiologie (SZU Praha) 2011:20(1)]  [48:  Patmas, M.  Letter to the Editor.  Persistence of Borrelia burgdorferi despite antibiotic treatment.  Journal of Spirochetal and Tick-Borne Disease, Vol 1(4), 1994.  Pp. 101.]  [49:  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.] 


Evidence for in-utero transmission of Borrelia burgdorferi sl has also been reported in mice[footnoteRef:50] [footnoteRef:51] [footnoteRef:52] [footnoteRef:53] [footnoteRef:54], rats[footnoteRef:55], cows [footnoteRef:56] [footnoteRef:57], horses[footnoteRef:58], vixens, dogs,[footnoteRef:59] [footnoteRef:60] and coyotes[footnoteRef:61] with direct detection of Borrelia spirochetes in tissues by various methods including culture, PCR and immunofluorescent staining.  Four other experimental animal studies did not show transplacental transmission [footnoteRef:62] [footnoteRef:63] [footnoteRef:64] although in one experimental study[footnoteRef:65] despite not identifying transplacental transmission, authors identified sexual and contact transmission as possible alternate routes of Bb infection in mice. [50:  Anderson JF, Johnson RC, Magnarelli LA.  Seasonal Prevalence of Borrelia burgdorferi in Natural Populations of White- Footed Mice, Peromyscus leucopus.  Journal of Clinical Microbiology, Vol 25(8)Aug, 1987, p. 1564-1566.]  [51:  Ubico-Navas, SR.  Experimental and epizootiologic studies of Lyme disease. Ph.D. Dissertation.  Colorado State University, 1992.  ]  [52:  Burgess EC, Wachal MD, Cleven TD. Borrelia burgdorferi infection in dairy cows, rodents, and birds from four Wisconsin dairy farms. Vet Microbiol. 1993 May;35(1-2):61-77. ]  [53:  Silver RM, Yang L, Daynes RA, Branch DW, Salafia CM, Weis JJ. Fetal outcome in murine Lyme disease. Infect Immun. 1995;63(1):66-72. ]  [54: Altaie SS, Mookherjee S, Assian E, Al-Taie F, Nakeeb SM, Siddiqui SY.  Transplacental transmission of Bb in a Murine Model.  10th Annual International Scientific Conference on Lyme Disease and other Tick-Borne Disorders, National Institutes of Health, Bethesda MD April 28-30, 1997.]  [55:  Hou X. [Preliminary investigation on reservoir hosts of Borrelia burgdorferi in China]. Wei Sheng Yan Jiu. 1999 Jan 30;28(1):7-9. Chinese. PMID: 12712735]  [56:  Burgess EC. Borrelia burgdorferi infection in Wisconsin horses and cows. Ann N Y Acad Sci. 1988;539:235-43. ]  [57:  Leibstein MM, Khan MI, Bushmich SL.  Evidence for in-utero Transmission of Borrelia burgdorferi from Naturally Infected Cows.   Jl of Spirochetal and Tick-borne Diseases.  Vol 5, Fall/Winter, 1998: 54-62. ]  [58:  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. ]  [59:  Gustafson, John Michael, Ph.D.  The in utero and seminal transmission of Borrelia burgdorferi in Canidae. The University of Wisconsin - Madison, 1993.  PhD Thesis.]  [60:  Gustafson JM, Burgess EC, Wachal MD, Steinberg H. Intrauterine transmission of Borrelia burgdorferi in dogs. Am J Vet Res. 1993 Jun;54(6):882-90. ]  [61:  Burgess EC, Windberg LA.  Borrelia SP. Infection in Coyotes, Black-Tailed Jack Rabbits and Desert Cottontails in Southern Texas.  J of Wildlife Diseases 25(1), 1989, pp. 47-51. ]  [62:  Mather TN, Telford SR III, Adler GH.  Absence of transplacental transmission of Lyme disease spirochetes from reservoir mice (Permyscus leucopus) to their offspring. J Infect Dis 164:564, 1991.]  [63:  Moody KD, Barthold SW.  Relative infectivity of Borrelia burgdorferi in Lewis rats by various routes of inoculation.  Am Trop Med Hyg 44:135, 1991.]  [64:  Woodrum JE, Oliver JH.  Investigation of Venereal, Transplacental, and Contact Transmission of The Lyme Disease Spirochete, Borrelia burgdorferi, in Syrian Hamsters.  J. Parasitol., 85(3), 1999 p.426-430.]  [65:  Wright SD, Nielsen SW. Experimental infection of the white-footed mouse with Borrelia burgdorferi. Am J Vet Res. 1990 Dec;51(12):1980-7. PMID: 2085225.] 


A 1991 committee opinion [footnoteRef:66] by The American College of Obstetricians and Gynecologists (ACOG) acknowledges spirochetes can cross the placenta with resultant stillbirth. The UK Royal Society of Obstetricians and Gynecologists[footnoteRef:67] has listed Lyme disease as one of the infectious organisms which can cross the placenta leading to late intrauterine fetal death and stillbirth. Expert reviews on stillbirth in the American Journal of Obstetrics and Gynecology, [footnoteRef:68]  Obstetrical and Gynecological Survey,[footnoteRef:69] Seminars in Fetal and Neonatal Medicine[footnoteRef:70], and the Lancet[footnoteRef:71] have identified Borrelia burgdorferi as being either associated with, or etiologic for stillbirth.   [66:  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/]  [67:  Late Intrauterine Fetal Death and Stillbirth. Royal College of Obstetricians and Gynecologists. Green-top Guideline No. 55, October 2010. https://www.rcog.org.uk/en/guidelines-research-services/guidelines/gtg55/]  [68:  Silver RM, Varner MW, Reddy U, et al. Work-up of stillbirth: a review of the evidence. Am J Obstet Gynecol. 2007;196(5):433-444. doi:10.1016/j.ajog.2006.11.041]  [69:  McClure EM, Dudley DJ, Reddy UM, Goldenberg RL. Infectious causes of stillbirth: a clinical perspective. Clin Obstet Gynecol. 2010;53(3):635-645. ]  [70:  McClure EM, Goldenberg RL. Infection and stillbirth. Semin Fetal Neonatal Med. 2009 Aug;14(4):182-9. ]  [71:  Goldenberg RL, McClure EM, Saleem S, Reddy UM. Infection-related stillbirths. Lancet. 2010 Apr 24;375(9724):1482-90.] 


A paper published on the histopathology of Lyme borreliosis[footnoteRef:72] states, ‘Uterine involvement in stage II Lyme borreliosis is a significant factor in pregnancy since it may result in transplacental transmission of B. burgdorferi to the fetus.  One of us has recently encountered cases of decidual necrosis with inflammation in patients with intrauterine infection due to B. burgdorferi (de Koning, unpublished data).’ [72:  De Koning J., Duray PH.  Histopathology of Human Lyme borreliosis.  In: Weber K, Burgdorfer W (eds) Aspects of Lyme Borreliosis. Springer-Verlag Berlin Heidelberg 1993. ISBN-13:978-3-642-77616-] 


Recent Infectious Disease Society (IDSA) 2020 guidelines[footnoteRef:73] on Lyme disease state, ‘to date, Lyme disease in pregnancy has not been found to result in congenital infection or a syndrome of congenital abnormalities, and no additional treatment or monitoring of the mother or infant is recommended beyond the standard of care.’  There are no citations for this statement.  In a 2020 review on Lyme disease in the BMJ [footnoteRef:74]authors state, ‘During spirochetemia in the acute phase of infection, B burgdorferi sl may spread transplacentally, and evidence for congenital infection has indeed been reported in a few cases where Borrelia species were cultured from the newborn post-mortem.’ [73:  Paul M Lantos, Jeffrey Rumbaugh, Linda K Bockenstedt, Yngve T Falck-Ytter, Maria E Aguero-Rosenfeld, Paul G Auwaerter, Kelly Baldwin, Raveendhara R Bannuru, Kiran K Belani, William R Bowie, John A Branda, David B Clifford, Francis J DiMario, Jr, John J Halperin, Peter J Krause, Valery Lavergne, Matthew H Liang, H Cody Meissner, Lise E Nigrovic, James (Jay) J Nocton, Mikala C Osani, Amy A Pruitt, Jane Rips, Lynda E Rosenfeld, Margot L Savoy, Sunil K Sood, Allen C Steere, Franc Strle, Robert Sundel, Jean Tsao, Elizaveta E Vaysbrot, Gary P Wormser, Lawrence S Zemel, Clinical Practice Guidelines by the Infectious Diseases Society of America (IDSA), American Academy of Neurology (AAN), and American College of Rheumatology (ACR): 2020 Guidelines for the Prevention, Diagnosis and Treatment of Lyme Disease, Clinical Infectious Diseases, Volume 72, Issue 1, 1 January 2021, Pages e1–e48, https://doi.org/10.1093/cid/ciaa1215]  [74:  Kullberg B J, Vrijmoeth H D, van de Schoor F, Hovius J W. Lyme borreliosis: diagnosis and. management BMJ 2020; 369 :m1041 doi:10.1136/bmj.m1041
] 


Several expert reviews specifically addressing Lyme disease and Pregnancy, [footnoteRef:75] [footnoteRef:76] [footnoteRef:77] [footnoteRef:78] [footnoteRef:79] [footnoteRef:80] [footnoteRef:81] [footnoteRef:82] [footnoteRef:83] [footnoteRef:84]  [75:  Silver HM. Lyme disease during pregnancy. Infect Dis Clin North Am. 1997. Mar;11(1):93-7.]  [76:  Alexander JM, Cox SM. Lyme disease and pregnancy. Infect Dis Obstet Gynecol. 1995;3(6):256-261. doi:10.1155/S1064744995000755]  [77:  Schutzer SE, Jannigan CK, Schwartz RA.  Lyme Disease During Pregnancy.  CUTIS.  Volume 47, April 1991.  pp 267-268.	]  [78:  Williams CL., Strobino BA.  Lyme disease transmission during pregnancy.  Contemporary Ob/Gyn, June 1990.  Pg. 48-54.]  [79:  Cartter M, Hadler J, Gerber M, Mofenson L.  Lyme Disease and Pregnancy.  Connecticut Medicine.  Volume 53 (6), June 1989.]  [80:  Lambert JS. An Overview of Tickborne Infections in Pregnancy and Outcomes in the Newborn: The Need for Prospective Studies. Front Med (Lausanne). 2020 Mar 6;7:72. doi: 10.3389/fmed.2020.00072. PMID: 32211414; PMCID: PMC7069275.]  [81: O'Brien JM, Martens MG. Lyme disease in pregnancy: a New Jersey medical advisory. MD Advis. 2014 Winter;7(1):24-7. PMID: 25375870.]  [82:  Dotters-Katz, Sarah K. MD*; Kuller, Jeffrey MD†; Heine, R. Phillips MD‡ Arthropod-Borne Bacterial Diseases in Pregnancy, Obstetrical & Gynecological Survey: September 2013 - Volume 68 - Issue 9 - p 635-649 ]  [83:  Elliott DJ, Eppes SC, Klein JD. Teratogen update: Lyme disease. Teratology. 2001 Nov;64(5):276-81. doi: 10.1002/tera.1074. PMID: 11745834.]  [84:  Christen H, Hanefeld F.  Lyme Borreliosis in Childhood and Pregnancy.  Chap. 17.  In: Aspects of Lyme borreliosis. Weber K, Burgdorfer W, Schierz G (editors). Springer-Verlag; 1993.               ] 

[footnoteRef:85] zoonotic,[footnoteRef:86] vector borne,[footnoteRef:87] or tickborne[footnoteRef:88] infections in pregnancy, fetal /congenital infections,[footnoteRef:89] [footnoteRef:90] epidemiology of Lyme disease[footnoteRef:91] and Lyme disease in general[footnoteRef:92] [footnoteRef:93] [footnoteRef:94] [footnoteRef:95] [footnoteRef:96] [footnoteRef:97] [footnoteRef:98] [footnoteRef:99] [footnoteRef:100] acknowledge maternal-fetal transmission of the Lyme disease spirochete and risk of adverse pregnancy outcomes. [85:  Sicuranza G, Baker DA.  Lyme Disease in Pregnancy, Chapter 23, p 184-186.  Found in: Mosby Year Book, eds: Coyle P.  Lyme Disease. 	]  [86:  Theiler RN, Rasmussen SA, Treadwell TA, Jamieson DJ. Emerging and zoonotic infections in women. Infect Dis Clin North Am. 2008 Dec;22(4):755-772. doi: 10.1016/j.idc.2008.05.007. PMID: 18954762; PMCID: PMC2650502.]  [87:  O’Kelly B, Lambert JS. Vector-borne diseases in pregnancy. Therapeutic Advances in Infectious Disease. January 2020.]  [88:  Qasba N, Shamshirsaz AA, Feder HM, Campbell WA, Egan JF, Shamshirsaz AA. A case report of human granulocytic anaplasmosis (ehrlichiosis) in pregnancy and a literature review of tick-borne diseases in the United States during pregnancy. Obstet Gynecol Surv. 2011 Dec;66(12):788-96.]  [89:  McGowan KL, Hodinka RL. Laboratory diagnosis of fetal infections. Clin Lab Med. 1992 Sep;12(3):523-52. PMID: 1521426.]  [90:  Bale, James F.; Murph, Jody R. (1992). Congenital Infections and the Nervous System. Pediatric Clinics of North America, 39(4), 669–690. ]  [91:  Dennis, D.  Epidemiology.  Chapter 4.  In: Coyle PK. (ed) Lyme disease.  Mosby Year Book, 1992.  ISBN: 1-55664-365-9]  [92:  Rahn DW. Lyme disease: clinical manifestations, diagnosis, and treatment. Semin Arthritis Rheum. 1991 Feb;20(4):201-18. ]  [93:  Trock DH, Craft JE, Rahn DW. Clinical manifestations of Lyme disease in the United States. Conn Med. 1989 Jun;53(6):327-30. PMID: 2667885.]  [94:  Kaslow, Richard A. (1992). Current Perspective on Lyme Borreliosis. JAMA: The Journal of the American Medical Association, 267(10), 1381–.1383.]  [95:  Luft BJ, Gorevic PD, Halperin JJ, Volkman DJ, Dattwyler RJ. A perspective on the treatment of Lyme borreliosis. Rev Infect Dis. 1989 Sep-Oct;11 Suppl 6.]  [96:  Sood SK.  Lyme disease.  The Pediatric Infectious Disease Journal.  18(10), October 1999, pp 913-925.]  [97:  Luft BJ, Dattwyler RJ. Lyme borreliosis. Curr Clin Top Infect Dis. 1989;10:56-81. PMID: 2679700.]  [98:  Eichenfield AH, Athreya BH. Lyme disease: of ticks and titers. J Pediatr. 1989 Feb;114(2):328-33. doi: 10.1016/s0022-3476(89)80808-x. PMID: 2644410.]  [99:  Belani K, Regelmann WE.  Lyme Disease in Children. Rheum Dis Clin North Am.  1989;15(4):679-689.]  [100:  Kullberg B J, Vrijmoeth H D, van de Schoor F, Hovius J W. Lyme borreliosis: diagnosis and. management BMJ 2020; 369 :m1041 doi:10.1136/bmj.m1041] 


A heterogeneous range of adverse pregnancy outcomes reported with gestational Lyme disease includes spontaneous miscarriage, stillbirth, premature delivery, neonatal death, intrauterine growth retardation and varying clinical manifestations in the newborn ranging from low birth weight and hyperbilirubinemia to hypotonia, cortical blindness, developmental delay, cardiac and urinary tract defects, syndactyly, respiratory distress and newborn rash.[footnoteRef:101] [footnoteRef:102] [footnoteRef:103] A meta-analysis performed in a recent systematic review by Waddell et al[footnoteRef:104] identified treated Lyme in pregnancy is associated with fewer adverse outcomes (11%, 95%CI 7–16) versus untreated (50%, 95%CI 30–70).  A study by Lakos et al[footnoteRef:105] reviewed data from 95 women with Lyme borreliosis during pregnancy over a 22 year span. Adverse outcomes were identified in 12.1% of parentally treated women, 31.6% of orally treated women and 60% of untreated women, thus drawing attention to a significantly higher rate of adverse pregnancy outcomes in untreated cases.   [101:  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.]  [102:  Waddell LA, Greig J, Lindsay R, Hinckley AF, Ogden NH. A systematic review on the impact of gestational Lyme disease in humans on the fetus and newborn. PLoS ONE 13 (11): e0207067. https://doi.org/10.1371/journal.pne.0207067 https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0207067]  [103: March of Dimes. Lyme disease and Pregnancy. retrieved online July 8, 2020: www.marchofdimes.org/complications/lyme-disease-and-pregnancy.aspx]  [104:  Waddell LA, Greig J, Lindsay R, Hinckley AF, Ogden NH. A systematic review on the impact of gestational Lyme disease in humans on the fetus and newborn. PLoS ONE 13 (11): e0207067. https://doi.org/10.1371/journal.pne.0207067 https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0207067]  [105:  Lakos, A., & Solymosi, N. (2010). Maternal Lyme borreliosis and pregnancy outcome. International Journal of Infectious Diseases, 14(6), e494–e498. doi:10.1016/j.ijid.2009.07.019 https://pubmed.ncbi.nlm.nih.gov/19926325/] 


No defined pattern of teratogenicity, causal association or clearly defined congenital syndrome has been associated with gestational Lyme, [footnoteRef:106] [footnoteRef:107] yet, according to Infectious Diseases pediatrician Dr. Tessa Gardner, ‘it is possible that B. burgdorferi gestational infection with transplacental dissemination could cause fetal pathology simply by causing Lyme borreliosis with the same manifestations (cutaneous, musculoskeletal, neurologic, neuropsychiatric, neurocognitive and urologic) that it produces in children and adult patients.’[footnoteRef:108] Dr. Gardner also outlined a framework to identify congenital Lyme borreliosis by categorizing the ‘incidence, time of presentation, and clinical manifestations of the various adverse outcomes associated with gestational Lyme borreliosis, including miscarriage, early severe congenital Lyme borreliosis, early mild congenital Lyme borreliosis and late chronic congenital Lyme borreliosis.’   [106:  Mylonas, I. (2011). Borreliosis During Pregnancy: A Risk for the Unborn Child? Vector-Borne and Zoonotic Diseases, 11(7), 891–898. doi:10.1089/vbz.2010.0102 https://pubmed.ncbi.nlm.nih.gov/20925520/]  [107:  Elliott, D. J., Eppes, S. C., & Klein, J. D. (2001). Teratogen update: Lyme disease. Teratology, 64(5), 276–281. doi:10.1002/tera.1074 https://europepmc.org/article/med/11745834]  [108:  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.] 


Various case reports of maternal infection with subsequent vertical transmission have been published highlighting the labyrinthine complexity and diversity of clinical presentations with some authors identifying parallels to congenital syphilis.[footnoteRef:109] [footnoteRef:110] Two retrospective cases identified women who recalled tick-bites, had an EM rash and remained untreated with positive serology post-partum. In these cases, congenital heart defects and Bb spirochetes were identified upon fetal autopsy following neonatal death[footnoteRef:111] and stillbirth.[footnoteRef:112]  [109:  Hercogova J, Vanousova D. Syphilis and borreliosis during pregnancy. Dermatologic Therapy, Vol. 21, 2008, 205-209.  https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1529-8019.2008.00192.x]  [110:  AB. Gestational Lyme borreliosis. Implications for the fetus. Rheum Dis Clin North Am. 1989;15(4):657-77. https://pubmed.ncbi.nlm.nih.gov/2685924/]  [111:  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/           ]  [112:  MacDonald A, Benach J, Burgdorfer W. Stillbirth following Maternal Lyme Disease. New York State Journal of Medicine vol 87, November 1987.  https://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=7426635] 


Cases of untreated, asymptomatic, seropositive maternal infection without recall of tick-bite or EM rash have resulted in reports of a term stillbirth with spirochetes identified in fetal tissue by dark-field microscopy,[footnoteRef:113] and in two cases whereby infants were diagnosed with congenital Lyme borreliosis; a 3-day-old infant with septic illness with IgG and IgM Borrelia antibody titres detected in blood and cerebrospinal fluid,[footnoteRef:114] and a male infant who manifested with relapsing/remitting episodes of multiple erythematous patches, fever and lymphadenopathy, starting at 3 weeks of birth and recurring over 3 years despite repeated courses of oral antibiotics. The rash was subsequently biopsied, and Bb identified through PCR. Seroconversion by IgG-WB was observed in the child at 13 months.[footnoteRef:115]  A 1992 publication titled, Current Perspectives on Lyme Borreliosis, authored by Dr. Richard Kaslow from the Epidemiology and Biometry Branch, Division of Microbiology and Infectious Diseases, NIAID (NIH)[footnoteRef:116] stated ‘instances of severe illness in infants following transmission from untreated mothers has already lowered the threshold for more aggressive treatment of pregnant woman.’   [113:  Maraspin V, Cimperman J, Lotric-Furlan S, Pleterski-Rigler D, Strle F (1999) Erythema migrans in pregnancy. Wien Klin Wochenschr 111:933–940. https://europepmc.org/article/med/10666804]  [114:  Horst, H. Borrelieninfektion in der Schwangerschaft und durch bluttransfusionen. Pp. 132-137. (Borrelia infection in Pregnancy and by blood transfusions) in: Zeckenborreliose - Lyme-Krankheit bei Mensch und Tier. Verlag: Spitta Verlag Gmbh & Co. (2003). ISBN 10: 3934211496. https://www.zvab.com/servlet/BookDetailsPL?bi=30468650596]  [115:  Trevisan G, Stinco G, Cinco M. Neonatal skin lesions due to a spirochetal infection: a case of congenital Lyme borreliosis? Int J Dermatol. (1997) 36:677–80.  https://pubmed.ncbi.nlm.nih.gov/9352409/]  [116:  Kaslow RA. Current Perspective on Lyme Borreliosis. JAMA. 1992;267(10):1381–1383. doi:10.1001/jama.1992.03480100087037] 


Cases of neonatal death[footnoteRef:117] [footnoteRef:118] and diagnosis of congenital Lyme borreliosis[footnoteRef:119] have been reported whereby the mothers recalled a tick-bite, manifested an EM rash and were treated with varying courses of antibiotics, thus calling into question appropriate treatment strategies for gestational Lyme.  A 1990 publication on treatment of Lyme disease[footnoteRef:120] stated, ‘the precise risk to the developing fetus of maternal Lyme disease during pregnancy is unknown although it is well documented that fetal infection can occur and may have deleterious outcomes including malformations and death.  Since anecdotal experience has suggested that oral antibiotic therapy does not invariably protect the fetus, I prefer to use high-dose intravenous penicillin for pregnant women with active Lyme disease.’ Another expert[footnoteRef:121] also opined on appropriate treatment for gestational Lyme, ‘In one instance in which oral penicillin was administered during the fIrst trimester of pregnancy, the erythema migrans disappeared, but autopsy of the newborn, who died 1 day after birth, showed an infection of brain and liver with B. burgdorferi (Weber et al. 1988b). Thus, oral penicillin is not recommended during pregnancy, although several women on this regimen have delivered normal children (Berger 1984; Weber et al. 1986; Neubert 1987).’ [117:  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]  [118:  Maraspin V, Cimperman J, Lotric-Furlan S, Pleterski-Rigler D, Strle F (1999) Erythema migrans in pregnancy. Wien Klin Wochenschr 111:933–940. https://europepmc.org/article/med/10666804]  [119:  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.]  [120:  Wormser, GP.  Treatment of Borrelia burgdorferi Infection.  Laboratory Medicine Vol 21(5), 1990.]  [121:  Weber, K.  Therapy of Cutaneous Manifestations.  Chapter 23. In: Weber K, Burgdorfer W (eds) Aspects of Lyme Borreliosis. Springer-Verlag Berlin Heidelberg 1993. ISBN-13:978-3-642-77616] 


A case of a woman with a four-month history of migratory joint pain and a positive IgG Western Blot was treated with several months of antibiotics, had symptom resolution, and later became pregnant but had a miscarriage at week 18.[footnoteRef:122] PCR testing of the placenta and fetus returned positive for Bb.  In another case report, a baby was diagnosed with Lyme disease with a positive ELISA and Bb was also identified by PCR in placental tissue.  His mother had been treated for serologically proven Lyme disease over a period of one year before pregnancy. At the age of seven, the child died ‘because of cerebral complications of congenital Lyme borreliosis.’ Histological/transmission electron microscopy revealed rare spirochetes in eye tissue.  Bb was also identified in heart and kidneys upon autopsy.[footnoteRef:123] [122:  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 Tick– Borne Disorders, Hartford, CT, USA 2003 Jun (pp. 7-8).]  [123:  Spector, R., Rummelt, V., Folberg R.  The Pathology of Congenital Lyme Borreliosis.  Abstract 1466-27. Investigative Opthamology and Visual Science, Annual Meeting.  May 2-May 7, 1993, Sarasota Florida.  March 15, 1993. Vol 34, No 4.] 


Cases of asymptomatic, seronegative maternal infection have been reported, with a notable case of neonatal death at 8 days, resulting in autopsy which revealed Bb in neonate brain and heart.[footnoteRef:124] A report by Dattwyler et al [footnoteRef:125] highlighted the case of a mother diagnosed with Bb infection in her second trimester who was subsequently treated with antibiotics.  She was asymptomatic and seronegative at time of birth and her child was born with neurologic dysfunction. Neonatal Bb infection was confirmed with serological evidence of antibodies specific to borrelia in infant CSF.  [124:  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.]  [125:  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/] 


Macdonald[footnoteRef:126] reported a series of cases of gestational Lyme borreliosis with borrelia identified from pathologic examination of fetal tissues in 8 of 14 cases.  6 cases of live birth were reported with one infant developing respiratory distress and another developing neonatal sepsis. 9/14 mothers were seronegative for Lyme borreliosis with the author identifying that ‘most of the fatal cases of Lyme borreliosis in pregnancy were reactive in titres of the borderline region or were completely non-reactive in serologic tests,’ and ‘the tendency toward sero-negativity in pregnancy makes maternal serology a less satisfactory discriminator of maternal infection and useless as a practical tool to predict the state of the fetus.’ He also examined 10 cases of sudden infant death syndrome (SIDS) and identified two cases whereby spirochetes morphologically consistent with Bb were identified in two infant brains. [126:  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/] 


Epidemiological studies conducted to date offer limited information to support any association between maternal infection, congenital malformations and adverse outcomes. [footnoteRef:127] A prospective Bb serosurvey[footnoteRef:128] of pregnant women from high and low endemic areas in New York performed between 1988-1990, identified 11 women from a cohort of 2014 women (0.7%) who were seropositive at their first prenatal visit.  The eleven pregnancies resulted in live births with three congenital defects noted but uniformly negative cord-blood IgM.  Authors concluded that ‘having been diagnosed with Lyme disease or being at high risk of exposure to Lyme disease before conception or during pregnancy is not associated with fetal death, low birth weight, or congenital malformations as a whole.’  Authors identified a statistically significant association between past miscarriages and maternal tick bite and noted that cardiac defects were twice as high in children born to mothers in a endemic vs non-endemic area.  They acknowledged that their study was underpowered and ‘the number of women too small to draw conclusions about the risk of a having a child with congenital malformation if a woman is seropositive.’  Neither cord-blood or neonatal serum of infants born to seropositive women was tested by culture or PCR and serological testing in these infants at later intervals was not done.   [127:  O’Brien JM, Hamidi OP (2017) Borreliosis Infection during Pregnancy. Ann Clin Cytol Pathol 3(8): 1085.]  [128:  Strobino B, Williams C, Abid S, et al. Lyme disease and pregnancy outcome:  A prospective study of two thousand prenatal patients. Am J Obstet Gynecol, August 1993. https://pubmed.ncbi.nlm.nih.gov/8362948/] 


A second cord-blood sero-survey[footnoteRef:129] of infants in endemic versus non-endemic areas of New York was performed between 1986 -1988 in New York. There were 29 infants whose mothers had Lyme disease any time before or during pregnancy and 20 infants with positive IgG cord-blood samples. Authors indicated that  ‘a positive serology and positive clinical history were not often present in the same individual’, in fact, none of the mothers of infants with a seropositive result gave a clinical history of past diagnosed Lyme disease.  Authors reported a significantly greater incidence of heart defects as well as murmurs detected in the endemic cohort.  Congenital defects of infants born to mothers who had Lyme disease prior to study pregnancy were described including a report of an infant who died of multiple congenital heart defects and another infant with hydrocele and laryngomalacia. Congenital anomalies including cardiac and urological defects were reported in 8/67 infants in the endemic cohort whose mothers identified a tick-bite in pregnancy.  Authors concluded that the findings of this study combined with their previous study ‘indicate that having a past treated or untreated infection with Bb does not increase the risk of low birthweight, early fetal loss or congenital malformations as a whole.’  They identified considerable sample size constraints and ‘limited follow-up with respect to any long-term sequelae of prenatal exposure to Lyme’.   [129:  Williams CL, Strobino B, Weinstein A, et al. Maternal Lyme disease and congenital malformations: a cord blood serosurvey in endemic and control areas.  Paediatric and Perinatal Epidemiology 1995, 9, 320-330. https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-3016.1995.tb00148.x] 


A third retrospective case-control study[footnoteRef:130] in 1999 was performed with the objective of determining whether maternal Lyme increases the risk of a congenital heart defect and with a conclusion that a ‘woman who has been bitten by a tick or is treated for Lyme disease during or before pregnancy is not at increased risk of giving birth to a child with a congenital heart defect.’  The risks associated with undiagnosed and untreated Lyme disease was not evaluated. [130:  Strobino, B., Abid, S., & Gewitz, M. (1999). Maternal Lyme disease and congenital heart disease: A case-control study in an endemic area. American Journal of Obstetrics and Gynecology, 180(3), 711–716. doi:10.1016/s0002-9378(99)70277-2 https://pubmed.ncbi.nlm.nih.gov/10076152/] 


A large sero-survey from Russia[footnoteRef:131] enrolled 1039 women during routine pregnancy check-ups.  There was a seropositivity rate of 5.5% (57 of 1039 women).  Authors stated they did further clinical and serological observations in cases of seropositive women, and they also noted positive results in blood samples taken from umbilical blood in newborns.  They also reported that histological and bacteriological study of placenta material had been undertaken and they were monitoring children of mothers with antibodies to the Lyme disease pathogen in their first year of life.  They stated, ‘the data accumulated to date indicate that LD represents a serious risk factor in pregnancy: it increases the likelihood of miscarriage, has a teratogenic effect on the fetus in intrauterine infection and increases the indicators of perinatal mortality.’  Authors stated that specific results from their studies would be analyzed in separate reports.  It appears these reports were not published. [131:  Elsukova L, Korenberg E, Kozin G.  The Pathology of Pregnancy and the Fetus in Lyme disease.  Meditsinskaia parazitologiia i parazitarnye bolezni, Oct, 1994.] 


A 2015 paper authored by Jasik and colleagues[footnoteRef:132] also addresses the ability for tick-borne diseases to pass through the placenta of infected animals and humans and the highlights the possibility of intergenerational infection.   Regarding Borrelia burgdorferi infection, authors state: ‘It is possible that B. burgdorferi s.l. has a high ability to penetrate mammalian placentae due to its ability of active movement, antigenic and morphological variation, and many other features and causes diagnostic difficulties and problems.  In cases of intrauteral fetal infections among patients with Lyme disease, symptoms are not homogeneous. Thus, confirming that B. burgdorferi s.l. is transmitted transplacentally may play important role in the spreading of these pathogens.’ Authors also highlight issues of persistence of infection despite antibiotic treatment and state: ‘The ability of long-term survival of B. burgdorferi s.l. in tissues and spreading of spirochetes in the body despite antibiotic treatment can contribute to intergenerational infection of Lyme disease.’ [132:  Jasik KP, Okła H, Słodki J, Rozwadowska B, Słodki A, Rupik W. Congenital Tick Borne Diseases: Is This An Alternative Route of Transmission of Tick-Borne Pathogens In Mammals? Vector Borne Zoonotic Dis. 2015 Nov;15(11):637-44.] 


Since 1999, (over 20 years), there has been a lack of government funded research exploring maternal-fetal transmission of Borrelia burgdorferi in North America.   NIH funded research exploring vertical transmission of Borrelia burgdorferi was published in 1996 [footnoteRef:133] and identified Bb by PCR in placentas of a small subset of women.  Authors stated, ‘the presence of these spirochetes in placental tissue implies fetal transmission.’  The three women with spirochetes identified in their placentas had equivocal ELISAS, were asymptomatic and had no recall of tick-bite.  There is no mention if these women were treated with antibiotics.  Two women had a negative WB and the third was equivocal.  Infants born to these women were healthy at birth, cord blood serology for IgG and IgM negative. There was no mention of longitudinal follow-up or re-evaluation of infant sero-status at a later date.  Researchers at that time recommended further investigation: ‘long-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 individuals.’  The issue of discordance between findings placental spirochetes and borderline to negative maternal serology supports the earlier findings by MacDonald. [133:  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.] 


The 2020 US Tickborne Disease Working Group report to Congress[footnoteRef:134] has identified in Recommendation 8.3 ‘Further evaluation of non-tick bite transmission of Lyme disease, for example maternal-fetal transmission.’ The report also states, ‘Similarly, additional studies of potential congenital Lyme disease, and of persistent Lyme disease in undiagnosed and untreated infants resulting from maternal transmission of B. burgdorferi, could be helpful, as could patient registries.’ [134:  https://www.hhs.gov/sites/default/files/tbdwg-2020-report_to-ongress-final.pdf] 


In a July 4, 1989, article in the New York Times titled Medical Science Steps Up its Assault on Lyme Disease, Dr. David Axelrod, the New York State Health Commissioner at the time was interviewed[footnoteRef:135] and quoted.  When asked about Lyme and pregnancy, he stated: “We do know that the Lyme bacterium crosses the placenta.  Most babies born of mothers with treated Lyme disease have been healthy, yet the long-term impact of this disease on the developing fetus and the newborn is not entirely clear.”  Dr. Axelrod’s quote from over 30 years ago rings true today.  It is known that the Lyme disease causing spirochete can cross the placenta and infect a fetus/baby, as has been acknowledged by many experts in the field.   [135:  https://www.nytimes.com/1989/07/04/science/medical-science-steps-up-its-assault-on-lyme-disease.html] 


Significant knowledge gaps remain regarding how Lyme disease impacts pregnancy in cases of acute versus chronic or subclinical illness, including best diagnostic approaches to identifying infection in both mother and baby, best treatment approaches in a pregnant woman or in an infant who is symptomatic at birth.  Questions remain as how to identify a pregnant woman who may be infected but does not recall a tick-bite or EM rash, or the possibility of a latent or subclinical infection.  Very little information exists on the potential for long-term health impacts of babies born to mothers with gestational Lyme.  Clearly, the prevalence, incidence, clinical spectrum and potential long-term health consequences of infants exposed to Lyme in-utero must be further examined.[footnoteRef:136]    [136:  Bale, James F.; Murph, Jody R. (1992). Congenital Infections and the Nervous System. Pediatric Clinics of North America, 39(4), 669–690. ] 


Due to multifold, heterogeneous, complex, and often confounding presentations of Bb infected mothers and their babies, it is clear that urgent re-investigation of transplacental transmission of Lyme disease be prioritized including development of pregnancy registries for mothers with gestational Lyme and implementation of well-designed prospective studies.[footnoteRef:137] Funding of non-human primate (NHP) studies are critical to providing a comprehensive, robust experimental platform to assess the risk of in-utero transmission of Bb and fetal outcomes within a controlled setting, as is done for other congenital infections.[footnoteRef:138] According to a recent review on the subject matter[footnoteRef:139], experts state, ‘NHP models are essential to determining the potential for fetal injury and teratogenesis due to new pathogens and the efficacy of therapeutics to prevent fetal damage.’ [137:  Lambert, J. S. (2020). An Overview of Tickborne Infections in Pregnancy and Outcomes in the Newborn: The Need for Prospective Studies. Frontiers in Medicine, 7. doi:10.3389/fmed.2020.00072 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7069275/]  [138:  Nguyen SM, Antony KM, Dudley DM, Kohn S, Simmons HA, Wolfe B, et al. (2017) Highly efficient maternal-fetal Zika virus transmission in pregnant rhesus macaques. PLoS Pathog 13(5): e1006378. https://doi.org/10.1371/journal.ppat.1006378]  [139:  Li M, Brokaw A, Furuta AM, Coler B, Obregon-Perko V, Chahroudi A, Wang HY, Permar SR, Hotchkiss CE, Golos TG, Rajagopal L, Adams Waldorf KM. Non-human Primate Models to Investigate Mechanisms of Infection-Associated Fetal and Pediatric Injury, Teratogenesis and Stillbirth. Front Genet. 2021 Jul 5;12:680342. doi: 10.3389/fgene.2021.680342. PMID: 34290739; PMCID: PMC8287178.] 


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-stakeholder ‘relay-team’ approach, 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.  This will inevitably open new doors for better diagnostics, treatment, healthcare professional education and resources, and ultimately much needed medical care, support and hope for families[footnoteRef:140] and children impacted.  [140:  Gaudet EM, Gould ON, Lloyd V. Parenting When Children Have Lyme Disease: Fear, Frustration, Advocacy. Healthcare (Basel). 2019;7(3):95. Published 2019 Aug 8. doi:10.3390/healthcare7030095https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6787738/
] 







