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Abstract
Objective: There is disagreement regarding whether Lyme borreliosis is associated with adverse pregnancy outcome. 

Methods: We performed a review of data from 95 women with Lyme borreliosis during pregnancy evaluated at the Center for Tick-borne Diseases, Budapest, over the past 22 years. 

Results: Treatment was administered parenterally to 66 (69.5%) women and orally to 19 (20.0%). Infection remained untreated in 10 (10.5%) pregnancies. Adverse outcomes were seen in 8/66 (12.1%), 6/19 (31.6%), 6/10 (60.0%), of the parenterally, orally treated and untreated women, respectively. In comparison to patients treated with antibiotics, untreated women had a significantly higher risk of adverse pregnancy outcomes (OR: 7.61, p=0.004). While mothers treated orally comparing to iv. treatment had an increased chance (OR: 3.35) to have an adverse outcome, this difference was not statistically significant (p=0.052). Erythema migrans did not resolve by the time of finishing the first antibiotic course in 17 patients. Adverse pregnancy outcome was more frequent among these “slow responder” mothers (OR: 2.69) but it was not statistically significant (p=0.1425). Loss of the pregnancy (N=7) and cavernous hemangioma (N=4) were the most prevalent adverse outcomes in our series. The other complications were heterogeneous.     
Conclusion: Our results indicate that untreated maternal Borrelia burgdorferi s.l. infection may be associated with adverse outcomes, although the bacterial invasion of the foetus can not be proven. Characteristic and regular ‘congenital Lyme disease’ similar to the Hutchinson’ triad in syphilis seems to be unlikely.
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Introduction

Lyme borreliosis is the most frequent vector-borne illness in the temperate zone of the northern hemisphere. Early publications suggested that like syphilis, maternal Borrelia burgdorferi s.l. infection may seriously influence the outcome of pregnancy. Stillbirth and congenital heart abnormalities have been described.1-4 With the exception of some publications,5,6 most early case reports have described patients with adverse outcomes following their pregnancies. Incidence and cross sectional studies on populations of one to five thousand pregnant women and/or their offspring hardly found a case of Lyme borreliosis and, therefore, remained inconclusive with respect to risk for adverse pregnancy outcomes.7-11 Epidemiological evaluation of treated and untreated patients is also complicated by the low rate of untreated cases present and identified in most populations.12 Almost every patient in the largest study to date on gestational Lyme borreliosis was treated with ceftriaxone.4 Many years ago, analysis of our recorded data suggested that untreated Lyme patients had a much greater chance of suffering an adverse outcome in pregnancy, but the number of the patients was too low to achieve meaningful results.13 

The Center for Tick-borne Diseases, Budapest was opened in 1986 under the leadership of one of the authors (AL). Since then, 8149 erythema migrans (EM) patients were seen, including 97 cases in which Borrelia burgdorferi s.l. infection was clinically evident during pregnancy. Here we report our experience with these cases. 


Methods
Patients
From the 97 registered cases of gestational Lyme disease, we were able to analyze 95 cases. Two women were lost to follow up before delivery. All women were seen by the same examiner (AL). The following criteria for inclusion were used:
1- EM rash as defined by the CDC14 and EUCALB15 criteria during pregnancy (N=72). 
2- Patients were also included if they visited the Center after delivery with EM which commenced before or during pregnancy (N=17), in many of them the inflammation had already resolved at the first visit to the Center (N=12). The condition of the inclusion for these latter patients was a definitive description of the EM made by the family doctor or another institute.

3- Women with clinically diagnosed acrodermatitis chronica atrophicans (ACA) that still had signs of inflammation15 after delivery which had commenced before or during the pregnancy (N=3).
4- Patients with facial palsy beginning during pregnancy with preceding EM or with presence of intrathecal Borrelia antibody production16 (N=3).

In cases when a patient had Lyme borreliosis (EM) twice, and both illnesses coincided with two separate pregnancies, only the first pregnancy was included. If a patient presented the active clinical symptoms of late Lyme borreliosis (e.g. ACA) and during this period of the untreated infection more pregnancies occurred, only the first pregnancy was enrolled. Twin pregnancy only concerned a single event. Seventy-nine offspring were examined by one of the authors, a pediatrician who specialized for infectious diseases (AL), and if not, a medical report registered by the family pediatrician was also accepted. 

The onset of the first clinical symptom (starting point) and the first day of the antibiotic treatment (end point) were used to calculate the length of the Borrelia infection during pregnancy. 

Mothers were asked to report any later problem of their offspring with a suspicion of congenital origin.   


Treatment 

Some patients remained untreated (N=10). We prefer parenteral antibiotic treatment for pregnant woman with Lyme borreliosis. While we initially used Penicillin iv. 2x10MU (N=9), ceftriaxone iv. 2 g per day was used for the past 17 years (N=57). The length of therapy for both antibiotics was 15 days. Oral treatment was applied in 19 patients; nine of them visited our Center after delivery. The other ten mothers did not show clinical evidence of an ongoing infection after at least 20 days course of oral treatment had been concluded by the time of the visit.

If EM had not resolved by the time an antibiotic course was concluded, then another antibiotic was prescribed. These 17 women were considered as “slow responders”.  

Since some patients were treated with more than one antibiotic, if any of these were parenterally administered, then the patient was considered as a case of parenteral treatment for statistical evaluation.

Serology

Every mother and 85 offspring were tested for Lyme borreliosis with a home-made immunoblot using Borrelia afzelii (ACA1) as an antigen17 at the time of the first visit. The specificity of our test was 99% in infants, 97% in healthy blood donors and 92% in ‘problem samples’. The sensitivity of the test was 48% in EM, 75% in lymphocytic meningoradiculitis and 100% in the ACA and arthritis group.18 


Statistics
The statistical analyses were performed using R statistical software.19 For comparison of proportions Fisher’s exact was used. The association of the outcomes and treatment type was quantified by logistic regression. The p-values are two-tailed.

Results

We registered 23 adverse outcomes in 20 (21.1%) of the 95 offspring; these are listed in Table 1. The frequency of cavernous hemangioma was higher in our study population than expected as compared to the average frequency in Hungary.20,21 Three of the four patients with hemangioma were treated parenterally and one remained untreated. The latter patient presented with a single hemangioma of the skin complicated with hypospadias. Another offspring of a treated (slow responder) mother showed multiple hemangiomas of the skin. The third patient presented with a nevus flammeus covered almost half of the face. The fourth patient had multiple skin hemangiomas complicated with liver hemangiomas detected by ultrasound examination. Dysplasia coxae in our series is also more frequent than the average incidence in Hungary. Both mothers having children with this outcome were treated with iv. ceftriaxone, one of them was a slow responder. Another slow responder mother delivered a newborn whose left fore-foot was shorter by 2 cm than the right at birth. An x-ray examination discovered later that half of the L 5 vertebra was missing. In our population, spontaneous abortion is less frequent than the average in Hungary. Other complications either do not differ statistically, or the low number of cases does not permit statistical calculation (Table 1).
Table 1. Adverse outcomes in 20 pregnancies

	Adverse outcome
	Number of cases - frequency % (CI)
	Start of infection

in pregnancy weeks 

(average) 
	Average incidence in Hungary - % (CI) (19,20)

	Spontaneous abortion
	6
	6.3 (2.4 - 13.2)
	1-5 (2)
	14.8 (14.1-15.6)*

	Stillbirth
	1
	1.1 (0.0 - 5.7)
	5
	0.51 (0.48-0.55)*

	Premature birth
	1
	1.1 (0.0 – 5.7)
	17
	8.2-9.8**

	Small for dates
	1
	1.1 (0.0 - 5.7)
	13
	NA

	Cavernous hemangioma
	4
	4.2 (1.2 – 10.4)
	13-27 (21)
	0.11 (0.08-0.14)**

	Neonatal jaundice required exchange transfusion
	2#
	2.1 (0.3 - 7.4)
	13-38 (25)
	NA

	Dysplasia coxae
	2
	2.1 (0.3 - 7.4)
	18; before conception
	0.21 (0.15-0.27)**

	Pyloric stenosis 
	1¶
	1.1 (0.0 - 5.7)
	before conception
	0.02 (0.02-0.03)**

	Papulovesicular eruption at birth
	1
	1.1 (0.0 - 5.7)
	38
	NA

	Cerebral bleeding
	1
	1.1 (0.0 - 5.7)
	4
	NA

	Muscular hypotonicity
	1
	1.1 (0.0 - 5.7)
	4
	NA

	Hypospadias
	1§
	1.1 (0.0 - 5.7)
	27
	0.21 (0.20-0.23)**

	Skeletal anomaly
	1
	1.1 (0.0 - 5.7)
	13
	NA


CI: 95 % confidence interval

NA= not available

Some infants were born with multiple anomalies: #One of these newborns also presented with dysplasia coxae. ¶This newborn also had dysplasia coxae. §This complication was accompanied by cavernous hemangioma. 

* Data are from 1996-200620 

** Data are from 1986-2006.21
We have seen one untreated patient whose pregnancy resulted in stillbirth happened in the 5 months gestation. Her 1st visit was four days later, when a 30 cm EM rash was still visible. Two cases of neonatal jaundice required exchange transfusion were observed. One of their mothers was treated with 4x125 mg erythromycin for 30 days but her EM persisted for another 30 days after completion this treatment (slow responder). This mother visited our center only after delivery. The other mother received ceftriaxone treatment. We have seen one newborn with papulovesicular dermatitis which persisted for 1 month. The first visit of his mother was 2 weeks following the delivery. The untreated mother still had an EM rash at that time. In another woman, who visited our Center after delivery, EM was treated with erythromycin 4x125mg for 8 days but it continued to persist for 36 days following completion (slow responder). Her newborn suffered cerebral bleeding. Mental and physical development was delayed. Pyloric stenosis developed in an infant born to a mother treated with ceftriaxone. This case was complicated with dysplasia coxae. One newborn was delivered at the 35th week; her mother was treated with oral cefuroxim. Another newborn was small for dates (2200g at 39 weeks). Her mother was treated with ceftriaxone. 
Adverse outcomes were seen in 8/66 (12.1%), 6/19 (31.6%), 6/10 (60.0%) of the parenterally, orally treated and untreated women, respectively. Untreated (and also the slow responder) patients had a higher likelihood to have an adverse pregnancy outcome when compared with treated patients (Table 2). While mothers treated orally had an increased chance to have an adverse outcome, this difference was not statistically significant. 

Six of the 20 women with adverse outcomes had been untreated. The most frequent reason for this was that some patients had not paid attention to their symptoms, or those family doctors or obstetricians had not recognized the erythema migrans. Four of the ten pregnancies where the mothers remained untreated resulted in a favorable outcome. The infection in three of these mothers with ACA had been started years before the conception and remained unrecognized and untreated during the whole period of pregnancy. Their acrodermatitis was still inflamed at their first visit following delivery, indicating that their infection was still active at that time. One patient was worried about the antibiotic treatment and therefore rejected it. She lost her fetus 56 days later in the 13th week of the pregnancy. 
Table 2. Association between the treatment and the pregnancy outcome in maternal Lyme borreliosis 

	
	Adverse outcome
	Healthy newborn
	OR (95% CI)
	P

	Untreated / treated
	6 / 14
	4 / 71
	7.61
	(1.90 - 30.51)
	0.004

	Untreated / orally treated
	6 / 6
	4 / 13
	3.25
	(0.66 – 15.98)
	0.14

	Untreated / parenterally treated
	6 / 8
	4 / 58
	10.87
	(2.51 - 47.08)
	0.001

	Orally / Parenterally treated
	6 / 8
	13 / 58
	3.35
	(0.99 - 11.31)
	0.052


CI: 95 % confidence interval
A smaller (postnatal presentation) group (N=20 - 21.1%, 3 ACA and 17 EM) first visited our Center after delivery, presenting with clinical signs of active Borrelia infection in eight of them. The inflammation had already resolved at the first visit in the remaining 12, but these patients had definitive description of the EM made by the family doctor or another institute. 
Adverse birth outcome was more frequent (7 out of 20—35.0%) in the postnatal presentation group compared to those seen during their pregnancy (13 out of 75 pregnancies—17.3%), but this difference was not statistically significant (OR: 2.01, 95% CI: 0.60-6.32, p=0.24). We analyzed the data for prenatal and postnatal presentation groups separately, due to the potential for bias (Table 3). 

Table 3. Pregnancy outcome and clinical symptoms of Lyme borreliosis analyzed separately concerning the time of the initial visit. 

	
	All patients (n=95)

	
	Pregnancy loss 
	Other adverse outcome
	Healthy neonate
	Total 

	Therapy
	P=0.001079
	

	No
	3 (30.0%) 
	3 (30.0%) 
	4 (40.0%) 
	10

	Oral
	3 (15.8%) 
	3 (15.8%) 
	13 (68.4%) 
	19

	Parenteral
	1 (1.5%) 
	7 (10.6%) 
	58 (87.9%) 
	66

	Clinical symptom
	P=1
	

	ACA 
	0 (0.0%)
	0 (0.0%)
	3 (100%) 
	3

	EM 
	7 (7.9%) 
	13 (14.6%) 
	69 (77.5%) 
	89

	FP 
	0 (0.0%)
	0 (0.0%)
	3 (100%) 
	3


	
	Patients visiting during pregnancy (n=75)

	
	Pregnancy loss 
	Other adverse outcome
	Healthy neonate
	Total 

	Therapy
	P=0.001399
	

	No
	1 (100%) 
	0 (0.0%)
	0 (0.0%)
	1

	Oral
	3 (30.0%) 
	1 (10.0%)
	6 (60.0%) 
	10

	Parenteral
	1 (1.6%) 
	7 (10.9%) 
	56 (87.5%)
	64

	Clinical symptom
	P=1
	

	ACA 
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	0 

	EM 
	5 (6.9%) 
	8 (11.1%) 
	59 (81.9%) 
	72

	FP 
	0 (0.0%)
	0 (0.0%)
	3 (100%)
	3


	
	Patients visiting after delivery (n=20)

	
	Pregnancy loss 
	Other adverse outcome
	Healthy neonate
	Total 

	Therapy
	P=0.5319
	

	No
	2 (22.2%) 
	3 (33.3%) 
	4 (44.4%) 
	9 

	Oral
	0 (0.0%) 
	2 (22.2%)
	7 (77.8%) 
	9 

	Parenteral
	0 (0.0%) 
	0 (0.0%) 
	2 (100%)
	2

	Clinical symptom
	P=0.6579
	

	ACA 
	0 (0.0%)
	0 (0.0%)
	3 (100%)
	3

	EM 
	2 (11.8%)
	5 (29.4%)
	10 (58.8%)
	17

	FP 
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	0


ACA= acrodermatitis chronica atrophicans, EM=erythema migrans, FP=facial palsy.
The interval during which the mother was infected in the pregnancy varied widely (0-280 days, average 33.01 days, —SD: 54.59). We observed no relationship between the length of infection during pregnancy and adverse pregnancy outcomes (OR: 1.00, p=0.953).

There was no statistically significant difference in the general state of health between the treated and the untreated mothers. All untreated mothers with an adverse pregnancy outcome were regularly checked by their obstetricians. Only one of the mothers with spontaneous abortion had a history of a similar episode. None of the patients used illicit drugs, smoked cigarettes or regularly drank alcohol during their pregnancies. All were Caucasian. The average age of the women was 29.7 (SD: 4.3) years. Forty-five (47.4%) women had university degree.  Fifty-nine mothers (62.1%) recognized tick bite, and 49 (51.6%) were serologically positive for Borrelia antibody at the first visit our Center. All ACA patients revealed an extremely strong reaction in borrelia immunoblot. Neither the age nor the educational status of the women nor the serological result and the recognition of a tick bite correlated with the outcome of the pregnancy.

Pregnancy loss most often occurred when the infection was acquired in the first weeks of the pregnancy. Five of the pregnancy losses happened in the 8th week of the gestation, one in the 13th week and one stillbirth (22nd week) occurred amongst our patients (Table 4). We have no information of any morphological exams done on these pregnancy losses.
Table 4. Pregnancy outcome as a function of the time of appearance of Lyme borreliosis 

	Pregnancy outcome
	Start of infection
before pregnancy 
(no. of patients)
	Start of infection
during pregnancy 
(trimester – no. of patients)
	Total

	
	
	I
	II
	III
	

	Pregnancy loss
	1
	5
	1
	0
	7

	Other adverse outcome
	1
	1
	7
	4
	13

	Healthy newborn
	7
	24
	21
	23
	75

	Total
	9
	30
	29
	27
	95


Our patients come to us from all over Hungary. There was no opportunity to make PCR or culture attempts on the placentas or on the fetuses. Borrelia immunoblot from the cord blood was performed on 74 patients, including seven cases with adverse outcomes. None of the tested newborns showed IgM reaction. Moreover, we were unable to detect Borrelia burgdorferi IgM antibodies in neither 6 infants with congenital anomalies (four of them were born to mothers infected in late pregnancy) nor 17 healthy infants who were tested weeks or months after delivery. All newborns born to mothers who were IgG positive at delivery were IgG positive. The IgG reaction of the newborns mirrored the immunoblot pattern of their mothers suggesting that these antibodies were of maternal origin. 

Discussion

We see 60-80% of the reported cases of Lyme borreliosis in Hungary, and probably a higher rate of pregnant women with Borrelia infection. Most of our patients were sent by their family doctors, obstetricians, dermatologists or physicians working at departments for infectious diseases.   

Our findings demonstrate a statistically significant association between untreated Lyme borreliosis and adverse outcome of pregnancy. The association is also supported by that a similar (but statistically not significant) trend was found with slow responder mothers (whose EM has not resolved by the time of finishing the first course of antibiotic treatment) and adverse outcomes. Many controversial papers have been published (asserting a range of effects, from serious to no adverse effects on the offspring in maternal Lyme borreliosis) and we think that our study is sufficiently heterogeneous and large numbers of mothers were gathered for statistical evaluation. 

Observational, retrospective studies have an inherent risk of bias in collecting and selecting patients. EM is a typical early sign of Lyme borreliosis, while ACA is a typical late form of Borrelia infection in Europe. Both dermatological involvements have characteristic inflammation which usually rapidly disappears during or shortly after treatment. In our study, in cases that remained untreated, patients’ clinical symptoms were clearly described by other doctors or were still evident and diagnostic (i.e. EM or ACA) at the time of their first visit to our Center. 

It may be possible that a selection bias exists in this study as women who had an adverse birth outcome may have been more likely to seek help at the clinic after delivering a baby. Because of obvious reasons, most of the untreated women (all but one, who ultimately rejected all treatment options) visited our Center only after delivery. The association between the untreated Lyme borreliosis and first visit only after delivery was expected. 
We could see no other differences than the application of antibiotic treatment in women with adverse pregnancy outcomes and with healthy offspring, but we can not rule out that other factors might be present to influence the destiny of the neonates. We should stress on that adverse pregnancy outcome is a combination of several perinatal and neonatal indicators with different degrees of severity.
It seems that a specific syndrome representing a ‘congenital Lyme borreliosis’ is unlikely. However, spontaneous abortion, stillbirth and preterm birth are frequently published in other studies1,2,4 and also in our series. The miscarriage rate in our cohort is much lower than the average in Hungary. Pregnancy loss was significantly more frequent amongst untreated patients than among the parenterally treated women in our study population. We frequently observed hemangioma, a hitherto unpublished symptom coincidental with maternal Borrelia infection. In contrast, cardiac abnormalities were not found, these have been the most frequently published consequence of maternal Lyme borreliosis in other reports.3,7,8,22 We found some of the symptoms mentioned in other papers, such as hyperbilirubinemia,23 cerebral bleeding,24 generalized rash2 and congenital urologic malformations.4,7 One of the infants in the present study had pyloric stenosis, and Strobino et al7 have described a newborn with gastric reflux. 
It is striking that of the three pregnancies where the mothers had late Lyme borreliosis (i.e. ACA) and in which the infection was acquired long before conception and remained untreated before and during the whole period of pregnancy, none resulted in any fetal or newborn harm. This observation is consonant with an animal study where Borrelia infection did not result in fetal death where mice were challenged weeks before mating in comparison with 12% fetal death when the infection was introduced after mating.25 Patients with late Lyme borreliosis, especially with ACA always produce strong antibody reaction against B. burgdorferi, while in most of EM patients usually have faint antibody titers.18 The intensive immune response of ACA patients may play a role in preventing borrelia spread and transmission to the placenta or fetus. 

Placentas and offspring were not tested for Borrelia by PCR and culture in our study. Therefore, it can not be concluded that the adverse outcome is a result of a Borrelia invasion of the fetus or placenta. The adverse outcome may be a consequence of the damage of the placenta or a maternal reaction to the infection. There are animal studies that have demonstrated maternal-fetal transmission26 but others have supported the opposite conclusion.25
We preferred parenteral antibiotic treatment for Lyme borreliosis during pregnancy, following the suggestions by some papers that oral penicillin treatment was coincidental with intrauterine embryonic, fetal or newborn death.2,24 During the last 17 years, intravenous ceftriaxone was preferred to treatment with oral amoxicillin in our practice. This is due to the pharmacokinetics of amoxicillin as compared to ceftriaxone.  According to Andrew et al.27 during pregnancy, amoxicillin has lower plasma concentrations and more rapid elimination than in the postpartum or non-pregnant situation. The pharmacokinetics of ceftriaxone, however, is not significantly influenced by pregnancy.28 In addition, ceftriaxone in vitro is more effective against Borrelia than other beta-lactams.29,30
Our present data are not conclusive to support the superiority of high dose iv. penicillin or parenterally administered ceftriaxone over the oral antibiotic treatment, since we could not show statistically significant difference between the two groups. We had no chance to examine the placenta or fetus for direct borrelia invasion in the cases of pregnancy loss, therefore the causal relation remains opened in spite of the statistical association. Similarly, we could not find IgM antibody reaction in the offspring in the other cases of adverse pregnancy outcome therefore our data suggest that these heterogeneous symptoms of newborns are not related to Borrelia invasion of the fetus. 
Ideally, a prospective, multicenter study would be conducted to enrol sufficient numbers of women in order to adequately address these research questions. 
Acknowledgements

We are indebted to Michael Webb for revising the English of this manuscript and Gyöngyi Nagy for technical assistance and database management, Melinda Csáky-Szúnyogh and Gabriella Géczi for collecting the data of the average incidence of adverse pregnancy outcomes in Hungary. 
None of the authors reported potential conflict of interest.
The study has not been supported financially by any source.
Ethics

This is a retrospective evaluation going back over 22 years; consequently, written informed consent has not been sought from the patients. All examination and intervention was a part of the routine clinical practice. The study was approved by the Expert Committee of the Hungarian Society for Infectious Diseases as a research ethics board.

References

1. MacDonald AB: Human fetal borreliosis, toxemia of pregnancy, and fetal death. Zentralbl Bakteriol Mikrobiol Hyg [A]. 1986;263:189-200.

2. Markowitz LE, Steere AC, Benach JL, Slade JD, Broome CV: Lyme disease during pregnancy. JAMA. 1986;255:3394-3396.

3. Schlesinger PA, Duray PH, Burke BA, Steere AC, Stillman MT: Maternal-fetal transmission of the Lyme disease spirochete, Borrelia burgdorferi. Ann Intern Med. 1985;103:67-68. 

4. Maraspin V, Cimperman J, Lotric-Furlan S, Pleterski-Rigler D, Strle F: Erythema migrans in pregnancy. Wien Klin Wochenschr. 1999;111:933-940.

5. Schutzer SE, Janniger CK, Schwartz RA: Lyme disease during pregnancy. Cutis. 1991;47:267-268.

6. Mikkelsen AL, Palle C: Lyme disease during pregnancy. Acta Obstet Gynecol Scand. 1987;66(5):477-8
7. Strobino BA, Williams CL, Abid S, Chalson R, Spierling P: Lyme disease and pregnancy outcome: a prospective study of two thousand prenatal patients. Am J Obstet Gynecol. 1993;169:367- 374.

8. Williams CL, Strobino B, Weinstein A, Spierling P, Medici F: Maternal Lyme disease and congenital malformations: a cord blood serosurvey in endemic and control areas. Paediatr Perinat Epidemiol. 1995;9:320-330.

9. Nadal D, Hunziker UA, Bucher HU, Hitzig WH, Duc G: Infants born to mothers with antibodies against Borrelia burgdorferi at delivery. Eur J Pediatr. 1989;148:426-427.

10. Strobino B, Abid S, Gewitz M: Maternal Lyme disease and congenital heart disease: A case-control study in an endemic area. Am J Obstet Gynec. 1999;180:711-716.

11. Gerber MA, Zalneraitis EL: Childhood neurologic disorders and Lyme disease during pregnancy. Pediatr Neurol. 1994;11:41-43. 

12. Elliott DJ, Eppes SC, Klein JD: Teratogen update: Lyme disease. Teratology. 2001;64:276-81.

13. Lakos A. Lyme borreliosis and pregnancy. In: Abstracts of the Symposium on the therapy and prophylaxis for Lyme borreliosis: Austrian Society for Hygiene and Slovenian Society for Infectious Diseases, Portoroz, Slovenia, 1995 May 13-16, Abstract 11.

14. Centers for Disease Control (CDC): Lyme disease surveillance—United States, 1989-1990. Morb Mortal Wkly Rep. 1991;40:417-421.

15. Stanek G, O'Connell S, Cimmino M, Aberer E, Kristoferitsch W, Granström M, Guy E, Gray J: European Union Concerted Action on Risk Assessment in Lyme Borreliosis: clinical case definitions for Lyme borreliosis. Wien Klin Wochenschr. 1996;108:741-747.

16. Lakos A, Ferenczi E, Komoly S, Granström M: Different B-cell populations are responsible for the peripheral and intrathecal antibody production in neuroborreliosis. Int Immunol. 2005;17:1631-1637.
17. Robertson J, Guy E, Andrews N, Wilske B, Anda P, Granström M, Hauser U, Moosmann Y, Sambri V, Schellekens J, Stanek G, Gray J: A European multicenter study of immunoblotting in serodiagnosis of Lyme borreliosis. J Clin Microbiol. 2000;38:2097–2102.
18. Lakos A., Granström M: Diagnostic power of immunoblot in Lyme borreliosis. In: Abstracts of the 15th Annual meeting of the European Society for Pediatric Infectious Diseases. Paris, France, 1997 May 21-23. Abstract 251.

19. R Development Core Team: R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. 2007. ISBN 3-900051-07-0, Available at http://www.R-project.org.
20. Hungarian Central Statistical Office (KSH) 1996-2006: Data on file, partly published in Statistical Mirror, 2007;1:75. Available at: http://portal.ksh.hu/pls/ksh/docs/hun/xftp/gyor/jel/jel307071.pdf
21. Hungarian Registry of Congenital Abnormalities, 1986-2006: Data on file, National Center for Epidemiology, Department for Humangenetics and Teratology. Available in part at http://www.oek.hu/oek.web?to=127,587,139,131&nid=145&pid=1&lang=hun 

22. MacDonald AB, Benach JL, Burgdorfer W: Stillbirth following maternal Lyme disease. N Y State J Med. 1987;87:615–616.

23. Shirts SR, Brown MS, Bobitt JR: Listeriosis and borreliosis as causes of antepartum fever. Obstet Gynecol. 1983;62:256–261.

24. Weber K, Bratzke HJ, Neubert U, Wilske B, Duray PH: Borrelia burgdorferi in a newborn despite oral penicillin for Lyme borreliosis during pregnancy. Pediatr Infect Dis J. 1988;7:286–289.
25. Silver RM, Yang L, Daynes RA, Branch DW, Salafia CM, Weis JJ. Fetal outcome in murine Lyme disease: Infect Immun. 1995;63:66–72.

26. Gustafson JM, Burgess EC, Wachal MD, Steinberg H: Intrauterine transmission of Borrelia burgdorferi in dogs. Am J Vet Res. 1993;54:882–890. 

27 Andrew MA, Easterling TR, Carr DB, Shen D, Buchanan ML, Rutherford T, Bennett R, Vicini P, Hebert M: Amoxicillin pharmacokinetics in pregnant women: modeling and simulations of dosage strategies. Clin Pharmacol Ther. 2007;81:547-556.

28. Bourget P, Fernandez H, Quinquis V, Delouis C: Pharmacokinetics and protein binding of ceftriaxone during pregnancy. Antimicrob Agents Chemother. 1993;37:54-59.

29. Dever LL, Jorgensen JH, Barbour AG: In vitro antimicrobial susceptibility testing of Borrelia burgdorferi: a microdilution MIC method and time-kill studies. J Clin Microbiol. 1992;30:2692–2697.

30. Baradaran-Dilmaghani R, Stanek G: In vitro susceptibility of thirty Borrelia strains from various sources against eight antimicrobial chemotherapeutics. Infection. 1996; 24: 60–63.

PAGE  
1

