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Abstract

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

Methods: We performed a review of data from 95 women witmieyborreliosis during
pregnancy evaluated at the Center for Tick-borree@ses, Budapest, over the past 22
years.

Results: Treatment was administered parenterally to 66 ¢9¥Wwomen and orally to

19 (20.0%). Infection remained untreated in 103%). pregnancies. Adverse outcomes
were seen in 8/66 (12.1%), 6/19 (31.6%), 6/10 &), ®f the parenterally, orally
treated and untreated women, respectively. In cosgrato patients treated with
antibiotics, untreated women had a significantbyhler risk of adverse pregnancy
outcomes (OR: 7.61, p=0.004). While mothers treataly comparing to iv. treatment
had an increased chance (OR: 3.35) to have anssloatcome, this difference was not
statistically significant (p=0.052). Erythema migsadid not resolve by the time of
finishing the first antibiotic course in 17 patisnAdverse pregnancy outcome was
more frequent among these “slow responder” mot{@Rs 2.69) but it was not
statistically significant (p=0.1425). Loss of theegnancy (N=7) and cavernous
hemangioma (N=4) were the most prevalent adversmmes in our series. The other
complications were heterogeneous.

Conclusion: Our results indicate that untreated maternal Biariairgdorferi s.1.
infection may be associated with adverse outcoaldsugh the bacterial invasion of
the foetus can not be proven. Characteristic agdlae ‘congenital Lyme disease’

similar to the Hutchinson’ triad in syphilis seetoge unlikely.
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Introduction

Lyme borreliosis is the most frequent vector-batmess in the temperate zone of
the northern hemisphere. Early publications suggettat like syphilis, maternal
Borrelia burgdorferi s.l. infection may serioushfluence the outcome of pregnancy.
Stillbirth and congenital heart abnormalities haeen describeti? With the exception
of some publications® most early case reports have described patietitsagierse
outcomes following their pregnancies. Incidence enods sectional studies on
populations of one to five thousand pregnant woaraior their offspring hardly found
a case of Lyme borreliosis and, therefore, remaineahclusive with respect to risk for
adverse pregnancy outcomés.Epidemiological evaluation of treated and untréate
patients is also complicated by the low rate ofested cases present and identified in
most population$? Almost every patient in the largest study to dateyestational
Lyme borreliosis was treated with ceftriaxdridany years ago, analysis of our
recorded data suggested that untreated Lyme patiadta much greater chance of
suffering an adverse outcome in pregnancy, buhtimeber of the patients was too low
to achieve meaningful resufts.

The Center for Tick-borne Diseases, Budapest wasaipin 1986 under the
leadership of one of the authors (AL). Since tt84@9 erythema migrans (EM) patients
were seen, including 97 cases in which Borreligarferi s.l. infection was clinically

evident during pregnancy. Here we report our exgoee with these cases.



Methods

Patients
From the 97 registered cases of gestational Lyrseade, we were able to analyze 95 cases.
Two women were lost to follow up before deliveryl women were seen by the same
examiner (AL). The following criteria for inclusiomere used:
1- EM rash as defined by the CEf@nd EUCALB® criteria during pregnancy (N=72).
2- Patients were also included if they visited @enter after delivery with EM which
commenced before or during pregnancy (N=17), inynedrthem the inflammation had
already resolved at the first visit to the Cenix12). The condition of the inclusion for these
latter patients was a definitive description of Ed made by the family doctor or another
institute.
3- Women with clinically diagnosed acrodermatitisanica atrophicans (ACA) that still had
signs of inflammatiof? after delivery which had commenced before or dytire pregnancy
(N=3).
4- Patients with facial palsy beginning during pragcy with preceding EM or with presence
of intrathecal Borrelia antibody producti§riN=3).

In cases when a patient had Lyme borreliosis (EMbhd, and both illnesses
coincided with two separate pregnancies, only itis¢ fregnancy was included. If a
patient presented the active clinical symptomsatd# Lyme borreliosis (e.g. ACA) and
during this period of the untreated infection mpregnancies occurred, only the first
pregnancy was enrolled. Twin pregnancy only coregm@single event. Seventy-nine
offspring were examined by one of the authors,digbecian who specialized for
infectious diseases (AL), and if not, a medicabrépegistered by the family

pediatrician was also accepted.



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

Mothers were asked to report any later problenmeifr toffspring with a suspicion of

congenital origin.



Treatment

Some patients remained untreated (N=10). We ppafiemteral antibiotic treatment
for pregnant woman with Lyme borreliosis. While ingially used Penicillin iv.
2x10MU (N=9), ceftriaxone iv. 2 g per day was ugatthe past 17 years (N=57)he
length of therapy for both antibiotics was 15 d&ysal treatment was applied in 19
patients; nine of them visited our Center afternvéel/. The other ten mothers did not
show clinical evidence of an ongoing infection atieleast 20 days course of oral
treatment had been concluded by the time of the vis

If EM had not resolved by the time an antibioticis®e was concluded, then another
antibiotic was prescribed. These 17 women wereidered as “slow responders”.

Since some patients were treated with more tharantiBiotic, if any of these were
parenterally administered, then the patient wasidened as a case of parenteral

treatment for statistical evaluation.



Serology

Every mother and 86ffspring were tested for Lyme borreliosis with@ne-made
immunoblot using Borrelia afzelii (ACA1) as an ayeit’ at the time of the first visit.
The specificity of our test was 99% in infants, if/healthy blood donors and 92% in
‘problem samples’. The sensitivity of the test wW&36 in EM, 75% in lymphocytic

meningoradiculitis and 100% in the ACA and artbrigroup*®



Statistics
The statistical analyses were performed using fsstal software"® For
comparison of proportions Fisher’s exact was u$td.association of the outcomes and

treatment type was quantified by logistic regrassiche p-values are two-tailed.



Results
We registered 23 adverse outcomes in 20 (21.1%)e0®5 offspring; these are listed in
Table 1. The frequency of cavernous hemangiomahggeer in our study population
than expected as compared to the average freqireitiyngary?>** Three of the four
patients with hemangioma were treated parentesaaltiyone remained untreated. The
latter patient presented with a single hemangiofibheoskin complicated with
hypospadias. Another offspring of a treated (slesponder) mother showed multiple
hemangiomas of the skin. The third patient presewith a nevus flammeus covered
almost half of the face. The fourth patient hadtipld skin hemangiomas complicated
with liver hemangiomas detected by ultrasound eration. Dysplasia coxae in our
series is also more frequent than the averageancelin Hungary. Both mothers
having children with this outcome were treated wiiticeftriaxone, one of them was a
slow responder. Another slow responder mother dedy a newborn whose left fore-
foot was shorter by 2 cm than the right at birth.>Aray examination discovered later
that half of the L 5 vertebra was missing. In oapglation, spontaneous abortion is less
frequent than the average in Hungary. Other corapdins either do not differ

statistically, or the low number of cases doespaoimit statistical calculation (Table 1).
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Table 1. Adverse outcomes in 20 pregnancies

Adverse outcome

Number of cases -
frequency % (CI)

Start of infection
in pregnancy weeks

Average incidence in

Hungary - % (CI)

(average) (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 2# 2.1 (0.3-7.4) 13-38 (25) NA
exchange transfusion
Dysplasia coxae 2 2.1(0.3-7.49 18, before conception 0.21 (0.15-0.27)**
Pyloric stenosis 19 1.1 (0.0 -5.7) before conception 0.02 (0.02-0.03)**
Papulovesicular eruption at 1 1.1 (0.0 - 5.7) 38 NA
birth
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: #0ne of these newborns also presented with dysplasia coxae.
{IThis newborn also had dysplasia coxae. §This complication was accompanied by cavernous hemangioma.

* Data are from 1996-2006%°
** Data are from 1986-2006.%

We have seen one untreated patient whose pregnasudyed in stillbirth happened in

the 5 months gestation. Her 1st visit was four daiex, when a 30 cm EM rash was

still visible. Two cases of neonatal jaundice reggdiexchange transfusion were

observed. One of their mothers was treated witl28xtg erythromycin for 30 days but

her EM persisted for another 30 days after comyietnis treatment (slow responder).

This mother visited our center only after delivefae other mother received

ceftriaxone treatment. We have seen one newbompajpulovesicular dermatitis

which persisted for 1 month. The first visit of mm®ther was 2 weeks following the

delivery. The untreated mother still had an EM rassthat time. In another woman, who

visited our Center after delivery, EM was treatathwerythromycin 4x125mg for 8

days but it continued to persist for 36 days follmyvcompletion (slow responder). Her

newborn suffered cerebral bleeding. Mental and ighyslevelopment was delayed.

Pyloric stenosis developed in an infant born tocdhmr treated with ceftriaxone. This

case was complicated with dysplasia coxae. One omwibas delivered at the 85
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week; her mother was treated with oral cefuroximother newborn was small for dates
(22009 at 39 weeks). Her mother was treated witiniaeone.

Adverse outcomes were seen in 8/66 (12.1%), 6/1%¢8), 6/10 (60.0%) of the
parenterally, orally treated and untreated womespectively. Untreated (and also the
slow respondenatients had a higher likelihood to have an advpregnancy outcome
when compared with treated patients (Table 2). @mbthers treated orally had an
increased chance to have an adverse outcome|ffiei®dce was not statistically
significant.

Six of the 20 women with adverse outcomes had ha&eated. The most frequent
reason for this was that some patients had notgitedtion to their symptoms, or those
family doctors or obstetricians had not recognittexlerythema migrans. Four of the ten
pregnancies where the mothers remained untreagatied in a favorable outcome. The
infection in three of these mothers with ACA haémstarted years before the
conception and remained unrecognized and untreteag the whole period of
pregnancy. Their acrodermatitis was still inflanag¢dheir first visit following delivery,
indicating that their infection was still activethat time. One patient was worried about
the antibiotic treatment and therefore rejecte8lie lost her fetus 56 days later in the

13" week of the pregnancy.

Table 2. Association between the treatment and the pregnancy outcome in maternal Lyme
borreliosis

Adverse |Healthy OR (95% CI) P
outcome |newborn
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
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A smaller (postnatal presentation) group (N=20.124, 3 ACA and 17 EM) first

visited our Center after delivery, presenting valimical signs of active Borrelia

infection in eight of them. The inflammation hadealdy resolved at the first visit in the

remaining 12, but these patients had definitivedpson of the EM made by the

family doctor or another institute.

Adverse birth outcome was more frequent (7 out0s35.0%) in the postnatal

presentation group compared to those seen dureiggregnancy (13 out of 75

pregnancies—17.3%), but this difference was ndissizally significant (OR: 2.01,

95% CI: 0.60-6.32, p=0.24). We analyzed the datprfenatal and postnatal

presentation groups separately, due to the poldotinias (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
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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 infectedhe pregnancy varied widely
(0-280 days, average 33.01 days, —SD: 54.59). VBergbd no relationship between
the length of infection during pregnancy and adegnegnancy outcomes (OR: 1.00,

p=0.953).

There was no statistically significant differennehe general state of health between

the treated and the untreated mothers. All untdeatethers with an adverse pregnancy
outcome were regularly checked by their obstemgi®nly one of the mothers with
spontaneous abortion had a history of a similasag®. None of the patients used illicit
drugs, smoked cigarettes or regularly drank alcdoihg their pregnancies. All were
Caucasian. The average age of the women was 2D:4(8) years. Forty-five (47.4%)
women had university degree. Fifty-nine mothe 180) recognized tick bite, and 49
(51.6%) were serologically positive for Borreliai@indy at the first visit our Center.
All ACA patients revealed an extremely strong reactn borrelia immunoblot. Neither
the age nor the educational status of the womerheaserological result and the
recognition of a tick bite correlated with the aurtee of the pregnancy.

Pregnancy loss most often occurred when the imieatias acquired in the first
weeks of the pregnancy. Five of the pregnancy ®okapepened in thé"8veek of the

gestation, one in the T3veek and one stillbirth (32week) occurred amongst our
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patients (Table 4). We have no information of argrphological 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 Start of infection Total

before pregnancy during pregnancy

(no. of patients) (trimester - no. of patients)

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. €hgas no opportunity to make
PCR or culture attempts on the placentas or offetiises. Borrelia immunoblot from
the cord blood was performed on Fdtients, including seven cases with adverse
outcomes. None of the tested newborns showed Igktios. Moreover, we were
unable to detect Borrelia burgdorferi IgM antibadie neither 6 infants with congenital
anomalies (four of them were born to mothers irddeh late pregnancy) nor 17 healthy
infants who were tested weeks or months after dglivAll newborns born to mothers
who were IgG positive at delivery were IgG positiVée 1gG reaction of the newborns
mirrored the immunoblot pattern of their motherggesting that these antibodies were

of maternal origin.
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Discussion

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

Our findings demonstrate a statistically significagssociation between untreated
Lyme borreliosis and adverse outcome of pregnahiecg.association is also supported
by thata similar (but statistically not significant) treméhs found with slow responder
mothers (whose EM has not resolved by the timeénggting the first course of
antibiotic treatment) and adverse outconMany controversial papers have been
published (asserting a range of effects, from serto no adverse effects on the
offspring in maternal Lyme borreliosis) and we ththat our study is sufficiently
heterogeneous and large numbers of mothers wdrnergdtfor statistical evaluation.

Observational, retrospective studies have an imheigk of bias in collecting and
selecting patients. EM is a typical early sign gfrie borreliosis, while ACA is a
typical late form of Borrelia infection in EuropBoth dermatological involvements
have characteristic inflammation which usually diypdisappears during or shortly
after treatment. In our study, in cases that reathimtreated, patients’ clinical
symptoms were clearly described by other doctoksese still evident and diagnostic
(i.e. EM or ACA) at the time of their first visibtour Center.

It may be possible that a selection bias existhigistudy as women who had an
adverse birth outcome may have been more likebeek help at the clinic after
delivering a baby. Because of obvious reasons, ofdke untreated women (all but

one, who ultimately rejected all treatment optiovisjted our Center only after
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delivery. The association between the untreatedd_orreliosis and first visit only
after delivery was expected.

We could see no other differences than the appicatf antibiotic treatment in
women with adverse pregnancy outcomes and withtheaffspring, but we can not
rule out that other factors might be present tluarice the destiny of the neonates. We
should stress on that adverse pregnancy outcomedmbination of several perinatal
and neonatal indicators with different degreeseoksity.

It seems that a specific syndrome representingrgenital Lyme borreliosis’ is
unlikely. However, spontaneous abortion, stillbitid preterm birth are frequently
published in other studi&$*and also in our series. The miscarriage rate ircobort is
much lower than the average in Hungary. Pregnawgs/was significantly more
frequent amongst untreated patients than amongatenterally treated women in our
study population. We frequently observed hemangjaatherto unpublished
symptom coincidental with maternal Borrelia infecti In contrast, cardiac
abnormalities were not found, these have been thet frequently published
consequence of maternal Lyme borreliosis in oteports>’®%?We found some of the
symptoms mentioned in other papers, such as hyjpebimemia® cerebral bleeding
generalized rastand congenital urologic malformatioh§One of the infants in the
present study had pyloric stenosis, and Strobird Bave described a newborn with
gastric reflux.

It is striking that of the three pregnancies wheemothers had late Lyme
borreliosis (i.e. ACA) and in which the infectioragvacquired long before conception
and remained untreated before and during the wheried of pregnancy, none resulted
in any fetal or newborn harm. This observationassonant with an animal study where

Borrelia infection did not result in fetal death@vh mice were challenged weeks before
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mating in comparison with 12% fetal death whenittiection was introduced after
mating® Patients with late Lyme borreliosis, especialljhwACA always produce
strong antibody reaction against B. burgdorferiilevim most of EM patients usually
have faint antibody titer$. The intensive immune response of ACA patients piay a
role in preventing borrelia spread and transmisgiahe placenta or fetus.

Placentas and offspring were not tested for Bar@yi PCR and culture in our study.
Therefore, it can not be concluded that the adveussome is a result of a Borrelia
invasion of the fetus or placenta. The adverseocmaécmay be a consequence of the
damage of the placenta or a maternal reactionetanfiaction. There are animal studies
that have demonstrated maternal-fetal transmiésinrt others have supported the
opposite conclusioft,

We preferred parenteral antibiotic treatment fomleyborreliosis during pregnancy,
following the suggestions by some papers thatpeaicillin treatment was coincidental
with intrauterine embryonic, fetal or newborn deathiDuring the last 17 years,
intravenous ceftriaxone was preferred to treatmaitit oral amoxicillin in our practice.
This is due to the pharmacokinetics of amoxicilsicompared to ceftriaxone.
According to Andrew et &’ during pregnancy, amoxicillin has lower plasma
concentrations and more rapid elimination tharhengostpartum or non-pregnant
situation. The pharmacokinetics of ceftriaxone, o, is not significantly influenced
by pregnancy?® In addition, ceftriaxone in vitro is more effeaimgainst Borrelia than
other beta-lactants:*

Our present data are not conclusive to supporsuperiority of high dose iv.
penicillin or parenterally administered ceftriaxaneer the oral antibiotic treatment,
since we could not show statistically significaiffedence between the two groups. We

had no chance to examine the placenta or fetusifect borrelia invasion in the cases
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of pregnancy loss, therefore the causal relatiorares opened in spite of the statistical
association. Similarly, we could not find IgM arddy reaction in the offspring in the
other cases of adverse preghancy outcome ther@fomata suggest that these
heterogeneous symptoms of newborns are not relat®drrelia invasion of the fetus.
Ideally, a prospective, multicenter study wouldcbaducted to enrol sufficient numbers

of women in order to adequately address thesendsgaestions.
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