Infectious Diseases in Pregnancy
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Cases UTI, Influenza, TORCH, Parvovirus and Lyme disease

Objectives

To understand the diagnosis, management, and complications of asymptomatic bac-
teriuria, influenza, TORCH infections, parvovirus, and Lyme disease in pregnant
women. To understand the potential effects of these infections in the pregnant
woman and her fetus and to review the management of women exposed to or
infected with any of these infections. Infection during pregnancy is a broad topic to
cover but often will be seen in pregnancy.

Case #1

A 28-year-old female presents to her obstetrician for her 18-week prenatal visit. She
has had a healthy pregnancy thus far. Today, she complains of burning with urina-
tion. She has noticed increased frequency and urgency but thought it was a normal
part of pregnancy. She denies any fevers, chills, back pain, nausea, or vomiting. Her
urinalysis is notable for +leukocyte esterase, +nitrite, and >150 WBC/high-powered
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field. Her urine culture is pending at the time of the appointment and she is sent
home on oral amoxicillin. Two days later she calls her physician with complaint of
nausea, fever to 38.5 C, chills, and back pain. Her urine culture is now growing
>100,000 colony-forming units/ml (cfu/ml) of E. coli with resistance to amoxicillin.
How should this case be managed?

Introduction

Asymptomatic bacteriuria (ASB), cystitis, and pyelonephritis are common occur-
rences in pregnancy that can be challenging to manage and have the potential to
cause serious complications. Physiologic changes in pregnancy, including ureteral
dilatation, increased bladder volume, decreased bladder, and ureteral tone, all con-
tribute to urinary stasis and can lead to urinary tract infections (UTI) [1].
Asymptomatic bacteriuria occurs in up to 9 % of pregnant woman and can lead to a
symptomatic urinary tract infection or pyelonephritis in 30—40 % of patients if left
untreated [2]. Cystitis and pyelonephritis can occur in up to 2 % of pregnancies [3].
Because of the increased risk of UTT in pregnancy, the higher likelihood of progres-
sion to upper tract disease, and association with adverse pregnancy outcomes such
as intrauterine growth restriction (IUGR), preeclampsia, preterm delivery, and low
birth weight infants, screening for asymptomatic bacteriuria and appropriate treat-
ment and management of cystitis and pyelonephritis are important for both mother
and baby [4].

Screening and Diagnosis

The Infectious Disease Society of America (IDSA) has published guidelines for the
diagnosis and treatment of asymptomatic bacteriuria in adults [2]. For asymptom-
atic women, bacteriuria is defined as two consecutive voided urine specimens with
isolation of the same bacterial strain in quantitative counts >103 cfu/mL in culture.
However, in clinical practice one midstream, clean catch specimen with the above
criteria would be considered positive and should be treated in the pregnant patient.
Because of an increased risk of complications, the IDSA recommends routine
screening for asymptomatic bacteriuria at least once in early pregnancy with a urine
culture and treatment if results are positive. This recommendation is based on the
increased risk of progression to a symptomatic urinary tract infection or pyelone-
phritis in 30—40 % of patients. In addition, it is known that antibiotic treatment of
asymptomatic bacteriuria in pregnancy is associated with a significant decreased
risk of both pyelonephritis and the frequency of low birth weight infants and pre-
term delivery [5—7]. The exact timing of screening does vary based on organization.
The IDSA recommends a urine culture in “early pregnancy.” The US Preventative
Services Task Force and The American College of Obstetrics and Gynecology
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(ACOG) recommend screening with a urine culture between 12 and 16 weeks of
gestation or at the first prenatal visit [8]. In general, rescreening later in pregnancy
is not warranted in low-risk patients.

The diagnosis of a urinary tract infection and pyelonephritis differs from ASB
only by symptomatology. The presence of dysuria, urgency, and increased urinary
frequency should make one consider a diagnosis of UTI. The addition of fever, nau-
sea, vomiting, back pain, or costovertebral angle tenderness on exam should raise
the suspicion for pyelonephritis. As the above, a urine culture should be sent with
>10° cfu/mL, the accepted standard for significant bacteriuria. However, lower col-
ony counts such as 10° cfu/mL in symptomatic patients with a UTI can occur. Pyuria
with >10 leukocytes/microL, hematuria, and a positive nitrite test may also be seen
on urinalysis in the setting of a UTI or pyelonephritis. However, it is of increased
importance to send a urine culture as well as this can help guide antibiotic choice
which is more limited in the pregnant patient. In this case, the initial presentation,
urinalysis, and culture support the diagnosis of cystitis. The development of nausea,
back pain, and fever is consistent with pyelonephritis and likely occurred due to
antibiotic resistance to the initial antibiotic prescribed.

Microbiology

As is the case with nonpregnant women, the majority of urinary tract infections in
pregnant women are caused by Enterobacteriaceae, especially Escherichia coli,
Klebsiella, and Enterobacter spp. which account for almost 90 % of infection [3].
Other pathogens include Proteus mirabilis, group B Streptococcus (GBS), and
Staphylococcus saprophyticus. GBS vaginal colonization is associated with preterm
rupture of membranes, preterm labor, and neonatal sepsis. However, it can also be a
cause of UTI in approximately 5% of patients [1]. One randomized clinical trial
found a significant reduction in rates of premature rupture of membranes and pre-
term delivery in women with GBS bacteriuria who were treated with penicillin
when compared to placebo [9]. Whether GBS bacteriuria is equivalent to GBS vagi-
nal colonization is unclear. However, if GBS bacteriuria is seen at any point in the
pregnancy prophylactic antibiotics during labor is recommended.

Complications in Pregnancy

The morbidity associated with asymptomatic bacteriuria, cystitis, and pyelonephri-
tis is significant. Asymptomatic bacteriuria has been associated with [IUGR, preterm
delivery, and low birth weight infants [2, 10, 11]. In a large, retrospective population-
based study of nearly 200,000 deliveries, cystitis was found to be independently
associated with preterm delivery, preeclampsia, [UGR, and cesarean delivery [4].
Acute pyelonephritis during pregnancy carries an increased risk of complications
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Table 1 Antibiotics for asymptomatic bacteriuria and cystitis in pregnancy

Antibiotic Dose Duration Notes
Nitrofurantoin 100 mg orally every | Five to Does not achieve therapeutic
12h seven days | levels in the kidneys so should
not be used if pyelonephritis is
suspected.
Avoid use during the first
trimester if other options are
available.
Amoxicillin 500 mg orally every | Three to Resistance may limit its utility
8h seven days | among gram-negative
pathogens.
Amoxicillin-clavulanate | 500 mg orally every | Three to
8h seven days
Cephalexin 500 mg orally every | Three to
6h seven days
Cefpodoxime 100 mg orally every | Three to
12h seven days
Fosfomycin 3 g orally as single Does not achieve therapeutic
dose levels in the kidneys so should
not be used if pyelonephritis is
suspected.
Trimethoprim- 800/160 mg (one Three Avoid during the first trimester
sulfamethoxazole double-strength days and at term.
tablet) every 12 h

The durations listed in the table are based on data from studies conducted in both nonpregnant and
pregnant women

such as ARDS, anemia, renal dysfunction, preterm labor, [UGR, premature rupture
of membranes (PROM), preeclampsia, and septic shock [4, 12—14]. In summary,
infections of the urinary tract from ASB to pyelonephritis are associated with
adverse outcomes not only for the mother but also the neonate.

Treatment

The treatment of ASB in pregnancy is outlined in Table 1. As with all urinary tract
infections, management should be tailored to the organism and susceptibility pattern
seen on culture. In pregnancy, attention must also be paid to the safety of the anti-
microbial depending on the stage of pregnancy. Antibiotics frequently used include
nitrofurantoin, beta-lactams, cephalosporins, trimethoprim-sulfamethoxazole, and
fosfomycin. A short course of antibiotics (3—7 days) is frequently used although the
optimal duration of antibiotics for ASB is unclear. A Cochrane systematic review of
13 studies found a trend to lower rate of bacterial clearance in patients treated with a
single-dose regimen when compared to short course (4—7 days) [15]. One antibiotic,
fosfomycin, however, has been shown in a single dose to have equivalent rates of cure
to 7-day courses of other antibiotics, including nitrofurantoin [16]. Unfortunately, up
to 30% of women can fail to clear their bacteriuria after a course of antibiotics [3].
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Table 2 Parenteral regimens Antibiotic Dose, interval
for empiric treatment of
pyelonephritis in pregnancy

Mild to moderate pyelonephritis

Ceftriaxone 1 gevery 24 h
Cefepime lgevery 12h
Aztreonam® 1 gevery 8h
Ampicillin 1-2 gevery 6 h
PLUS

Gentamicin® 1.5 mg/kg every 8 h

Severe pyelonephritis with an impaired immune system and/or
incomplete urinary drainage

Ticarcillin-clavulanate 3.1 gevery4h
Piperacillin-tazobactam 3.375 gevery 6 h
Meropenem 500 mg every 8 h
Ertapenem 1 gevery 24 h
Doripenem 500 mg every 8 h

Doses are for patients with normal renal function. If methicillin-resis-
tant S. aureus (MRSA) is known or suspected, see treatment regimens
outlined separately in topics addressing MRSA management
*Alternative in the setting of beta lactam allergy
®Aminoglycosides have been associated with fetal ototoxicity;
this regimen should be used only if intolerance precludes the use
of less toxic agents

Because of this, it is recommended to repeat a urine culture shortly after treatment to
document clearance and periodically throughout the pregnancy [2].

The treatment of cystitis in pregnancy is similar to ASB. However, the provider
may not have the urine culture results at the time of diagnosis, and empiric antibiot-
icscanbechosenbased oncoverage of common organisms such as Enterobacteriaceae.
Again, a 3-7-day course is recommended with a repeat culture after completing
antibiotics to confirm sterilization. Shorter courses of antibiotics have the potential
to minimize side effects and complications for the mother such as Clostridium
difficile-associated diarrhea and also to decrease antimicrobial exposure for the
fetus. According to a recent Cochrane review, there is no significant difference in
outcomes for cure rates, recurrent infection rate, and incidence of preterm delivery
or rupture of membranes with any one particular antibiotic over another [17]. Please
see Table 1 for antimicrobial options during pregnancy. Some antibiotics that are
typically used to treat UTI in the nonpregnant patient, including fluoroquinolones
and tetracyclines, are contraindicated in pregnancy due to potential effects on mus-
culoskeletal and dental development, respectively.

As described above, pyelonephritis in pregnant women has the potential for seri-
ous morbidity and appropriate treatment is paramount. Because of this, initial man-
agement of pyelonephritis in the pregnant patient should begin as an inpatient. The
case patient above should start parenteral antibiotics and transition to oral antibiot-
ics when afebrile for 2448 h. Some options for initial therapy could include a
parenteral cephalosporin such as cefazolin or ceftriaxone. See Table 2 for additional
antibiotic choices. Of note, nitrofurantoin and fosfomycin do not achieve adequate
tissue penetration and should not be used for the treatment of pyelonephritis.
Because recurrent pyelonephritis can occur in up to 8% of patients, ongoing
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suppression with antibiotics such as nitrofurantoin 50-100 mg or cephalexin 250-
500 mg daily should be considered for the duration of the pregnancy in cases like
our patient [3, 10, 18]. In summary, urinary tract infections are frequently encoun-
tered during pregnancy, and risk of progression to upper tract disease is increased.
Appropriate workup and treatment is critical to reduce the risk of pyelonephritis and
adverse pregnancy outcomes.

Case #2 Influenza and Pregnancy

A 27-year-old woman, currently 20 weeks pregnant, presents to her primary care
physician for a routine visit in October. She is offered the flu vaccine but declines,
concerned that she always gets “the flu” with the influenza vaccine, and since she is
pregnant, she does not want to risk getting sick. She also heard that vaccines might
harm her fetus.

Eight weeks later, she returns with a fever of 102 F (39 C) and diffuse myalgias
for the last 3 days. A point-of-care test for influenza A is positive. She asks about
medications that “cure” this disease. Should she be prescribed oseltamivir?

Discussion

Influenza is caused by three members of the family Orthomyxoviridae. They are
divided into influenza A, B, and C. Influenza A is the most common cause of severe
disease and epidemics. Influenza A viruses are characterized by their hemagglutinin
(H) and neuraminidase (N) surface antigens.

Influenza epidemics occur annually to triennially and are of variable severity.
Pregnant patients were overrepresented in admissions to hospital and intensive care in
the 2009 pandemic [19]. The reasons for this increased severity of disease are unknown,
but might include altered immune response and cardiopulmonary physiology.

Influenza is characterized by a febrile respiratory illness that starts abruptly with
chills, high fevers (normally >102 F), myalgia, and headaches. Associated respira-
tory symptoms include cough, nasal discharge, and sore throat, lasting 5 days to a
week. Nausea and vomiting seems to be more common in pregnant patients [20].
While influenza is mostly a self-resolving illness, in older patients and in a dispro-
portionate percentage of pregnant patients, it can be complicated by viral pneumo-
nia, myocarditis, and myositis. Secondary bacterial pneumonia (caused by S.
aureus, Streptococcus pneumoniae, and H. influenzae) is a feared complication.

Studies done during influenza pandemics reveal that this disease increases the
risk for spontaneous abortion and preterm birth [21]. Fetal malformations have also
been associated with influenza, but if this is a result of the disease itself or hyper-
thermia is yet unknown. This is clear only in the vulnerable time of the early first
trimester usually less than 10 weeks.
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Clinical diagnosis alone in the setting of an epidemic is accurate approximately
80 % of the time. Laboratory diagnosis in the outpatient setting can be made by
either a rapid viral antigen with a sensitivity varying between 50 and 80% or a
molecular diagnostic test using PCR amplification with sensitivity of around 90 %.

Influenza Vaccination in Pregnancy

The most effective strategy for preventing influenza in pregnant women is immuni-
zation. Benefit to the infant has also been demonstrated as maternal immunization
reduces respiratory illnesses with fever in infants in the first 6 months of life [22].

Both the Centers for Disease Control and Prevention’s Advisory Committee on
Immunization Practices (ACIP) and the American College of Obstetricians and
Gynecologists recommend that all pregnant adults receive an annual influenza vac-
cine. An inactivated and a live attenuated vaccine are available. Currently, the inac-
tivated influenza vaccine should be given to pregnant women as soon as it is
available, and it can be given at any point during gestation. The live intranasal influ-
enza vaccine is not recommended for pregnant women, but can be given in the
postpartum period. In the Northern Hemisphere, influenza occurs from October
through May, and vaccines are available as early as late August.

A common misconception about the flu vaccine is that you can get the flu from
the vaccine. This has been studied by two blinded, randomized trials that reported
no difference between subjects that received the inactivated flu vaccine and placebo
in terms of fever, headache, or muscle aches. Differences were seen in soreness and
redness at the injection site among people who got the flu shot [22, 23]. The safety
of influenza vaccination during pregnancy is supported by a multitude of studies
[24, 25]. A second misconception is regarding thimerosal. Thimerosal is a mercury-
containing preservative used in multidose vials of the influenza vaccine. There is no
scientific evidence that thimerosal-containing vaccines cause adverse effects in chil-
dren born to women who received vaccines with thimerosal [26]. However,
thimerosal-free formulations of the vaccine are also available.

Treatment of Influenza

In the United States, oseltamivir and zanamivir are FDA Pregnancy Category C
drugs, a result of the lack of studies to assess safety in pregnant patients. There is no
evidence of adverse fetal outcomes with oseltamivir [27]. Expert opinion recom-
mends prompt antiviral treatment for pregnant and postpartum (2 weeks postpar-
tum) women with confirmed or suspected influenza [28]. Treatment should not be
delayed pending laboratorial diagnosis. Early treatment within 48 h of symptom
onset has been shown to decrease intensive care admission and mortality [29].
While the evidence for the later treatment is not as strong, treatment is still
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recommended. Based on limited data, the dosing of antiviral therapy for treatment
of influenza during pregnancy is 5 days, the same as in nonpregnant adults and non-
immunocompromised patients.

In addition to antivirals, control of fever is essential in the treatment of influenza
in this patient population as fever has been associated with worse fetal outcomes,
especially in the first trimester. Of all antipyretics, acetaminophen has a long history
of safe use in pregnancy and is widely used.

Infection Control in the Outpatient Setting

When visiting their healthcare providers, pregnant women with suspected or con-
firmed influenza infection should be given facemasks and instructed on precautions
to decrease transmission.

Healthy newborns of mothers with confirmed or suspected influenza should be
considered exposed and should follow hospital infection control guidelines. In the
wake of the 2009 HIN1 pandemic, the CDC recommends temporary separation of a
mother with suspected or confirmed influenza from her newborn until all criteria
were met: the mother had received antiviral medications for at least 48 h, was afebrile
without antipyretics for 24 h, and is able to control her cough and respiratory secre-
tions. Once the mother and infant are able to initiate close contact, standard precau-
tions and respiratory hygiene apply. The mother’s milk should be fed to the newborn
by a healthy caregiver until criteria are met for close contact. Unlike other body fluids
and secretions, human milk is not considered a body fluid to which standard, droplet,
or contact precaution recommendations apply. Milk from an infected mother is not
considered infectious. Antiviral medication use by the mother is not a contraindica-
tion to breastfeeding. Antiviral chemoprophylaxis of the infant is currently not rec-
ommended, due to limited data on safety and efficacy [30] (Fig. 1).

Antiviral Dosage Approved for Adverse events
agent
Oseltamivir | 79 Mg 14 days and older Nausea, vomiting, neuropsychiatric
(Tamiflu®) twice a disturbances, skin rash
day, oral
Zanamivir 10mg (2 7 years and older, Diarrhea, nausea, sinusitis, cough,
(Relenza®)  |inhalations)| with no history of dizziness. Severe allergic reaction
twice a COPD or asthma (airway or facial edema)
day

Fig. 1 Common antivirals active against influenza A and B
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Case #3 TORCH Infections

Ms. B. is a 33-year-old G2P2 13-week pregnant woman that presents to an urgent
care center in August with a history of 3 days of sore throat with cervical lymphade-
nopathy, cough, fever, and malaise. She reports that she has been febrile up to
100.6 F (38 °C). She denies any rashes, recent travel, raw food ingestion, or sick
contacts. She has two small cats that were adopted about 3 months ago. She is a
kindergarten teacher. Per the patient, a prenatal screen for human immunodeficiency
virus (HIV) and syphilis was negative. She is immune against rubella. She is con-
cerned about toxoplasmosis, as her obstetrician had counseled her about this condi-
tion and the risk for fetal disease. What tests should be obtained? What is the risk
for the fetus? What are some of the other infections associated with congenital syn-
dromes and fetal abnormalities?

Congenital and Perinatal Infections

Congenital and perinatal infections are important causes of fetal mortality and child
morbidity. They are grouped in an acronym, TORCH, that reflects a group of infec-
tions with common disease manifestations in the fetus and newborn that includes
dermal, ocular, and neurological manifestations such as jaundice, purpura, and
visual and hearing loss. The TORCH complex encompasses Toxoplasma gondii,
syphilis, rubella, cytomegalovirus, and herpes simplex virus.

Congenital Toxoplasmosis

Toxoplasma gondii is a protozoan intracellular parasite acquired from ingestion of
infected bradyzoites in undercooked, cured, or raw meat or from using kitchen sup-
plies contaminated with raw meat. Soil and water can also be infected by cat feces
which can contain oocysts. Because cats develop immunity after primary infection
and oocysts are only shed in a primary infection, kittens are a particular risk to sus-
ceptible hosts such as pregnant women and patients with immunodeficiencies.

If toxoplasmosis is acquired for the first time during pregnancy, vertical trans-
mission to the fetus via the placenta occurs during the acute parasitemic phase.
Symptoms of acute maternal infection can vary from none to fever, headache, mal-
aise, and myalgias, mimicking a mononucleosis-like illness.

Diagnosis is based on serological conversion from negative to positive IgG or
IgM antibodies for 7. gondii. While this is possible in countries where prenatal and
serial Toxoplasma serologies are obtained, there is no current recommendation for
prenatal Toxoplasma serologies in the United States. Reasons for this include the
low incidence of congenital toxoplasmosis and the low specificity of the 7. gondii
serological testing. Some states recommend newborn testing for 7. gondii IgM [31].
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A more common clinical scenario that might confront a physician practicing in the
United States is a positive isolated IgM in the context of an unknown prior serologi-
cal status in a pregnant patient. IgM reactions can be nonspecific or reflect prior
infection as it may persist for more than 1 year. In the case of an isolated positive
IgM with a negative IgG and unknown prior immune status, a repeat serology
should be obtained in 2 weeks to assess if there is IgG seroconversion, hence elimi-
nating the possibility of a nonspecific IgM reaction. If the repeat test is positive for
IgM and IgG, seroconversion is documented and treatment should be initiated. In
patients with initial positive IgM and IgG or a persistent positive IgM, a reference
laboratory should confirm the positive serology.

The risk for congenital toxoplasmosis increases with gestational age at the time
of acute disease with a risk of transmission of around 15 % at 13 weeks and 71 % at
35 weeks [32]. Treatment is advocated for pregnant women with probable or defi-
nite seroconversion, and the regimen recommended depends on the gestational age
and/or signs of fetal involvement. Fetal ultrasonography should also be obtained to
assess for fetal abnormalities (hydrocephalus, brain or hepatic calcifications, sple-
nomegaly, and ascites). Amniocentesis at 18 weeks with amniotic fluid PCR for 7.
gondii is recommended, but risk and benefits of this procedure should be discussed
with the patient. For all cases of suspected congenital toxoplasmosis, consultation
with a national expert is recommended (PAMF-TSL, Palo Alto Medical Foundation
Toxoplasma Serology Laboratory or the National Collaborative Treatment Trial
Study, in the US) [33].

Treatment with spiramycin is recommended by many investigators in the United
States and Europe during the first 18 weeks of pregnancy. In the United States, spira-
mycin can be obtained after discussion with the Food and Drug Administration via a
“compassionate use [IND]” program. This medication will not act on the fetus and
will only clear the placenta of the parasite. It should be continued until delivery unless
there is any evidence (ultrasound, amniotic fluid PCR) or suspicion of fetal involve-
ment, which requires a switch from spiramycin to pyrimethamine and sulfadiazine on
week 18 in order to prevent fetal disease. This regimen is avoided in the first 18 weeks
due to the risk of teratogenicity from pyrimethamine. Folic acid (25 mg daily p.o.)
should be given to prevent hematological toxicities. Weekly complete blood counts
should be monitored and treatment discontinued if significant myelotoxicity.

Congenital Syphilis

Syphilis is caused by the spirochete, Treponema pallidum, and it can remain latent
for years. Because this organism cannot be cultured using conventional techniques,
diagnosis is based on clinical and serological data. Untreated syphilis during preg-
nancy, especially early syphilis, can lead to stillbirth, neonatal death, or infant dis-
orders such as deafness, neurologic impairment, and bone deformities. Congenital
syphilis (CS) can be prevented by early detection of maternal infection and treat-
ment at least 30 days before delivery [34].
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A recent report by the Centers for Disease Control and Prevention (CDC) warned
of the increased rate in CS during the period 2005-2008 after years of steady
decline. Multiple professional organizations, including the American College of
Obstetricians and Gynecologists (ACOG) and the CDC, have recommended syphi-
lis screening within the scope of a prenatal visit [34]. In high-incidence populations
(sex workers, use of illicit drugs, human immunodeficiency virus infection, and no
prenatal care), retesting during the third trimester (28th—-30th week) is recom-
mended. All patients who have syphilis should be offered testing for HIV
infection.

Penicillin remains the mainstay of treatment, but duration and dosage depends
on the phase at which syphilis is diagnosed. Syphilis can be classified as primary,
secondary, and tertiary, based on initial symptom presentation. If asymptomatic
(latent), it can be divided into early (less than 1 year since negative titers) or late
(more than 1 year). Screening tests for syphilis are traditionally non-treponemal
specific and include RPR (rapid plasma reaction) and VDRL (venereal disease
research laboratory). Positive non-treponemal testing should be followed by confir-
matory treponemal testing such as TPPA (7. pallidum particle agglutination assay)
or FTA-ABS (fluorescent treponemal antibody absorption). If treponemal testing is
negative, this may represent a transient biological false positive which can occur in
pregnancy.

Primary syphilis is normally characterized by a painless chancre, involving the
genital, perineal, anorectal areas, throat/lips, or hands. This normally occurs about
2-4 weeks postexposure and heals spontaneously. Treatment is benzathine penicil-
lin G (BPG) 2.4 million units intramuscularly once. Secondary syphilis can have a
broad range of systemic symptoms including rash that involves palms and soles,
headache, fever, pharyngitis, and lymphadenopathy. It occurs about 2—8 weeks post
resolution of the initial chancre. Treatment is identical to primary syphilis. The hall-
mark of tertiary syphilis is the formation of gummas (granulomatous lesions). These
can occur anywhere but typical lesions involve the heart or large vessels and the
central nervous system. Treatment for tertiary syphilis is with BPG 2.4 million units
intramuscularly weekly for 3 weeks. If neurosyphilis is suspected, a 10- to 14-day
course with aqueous penicillin G 18-24 million units IV is recommended.

The most likely presentation to primary care is for prenatal screening of an
asymptomatic patient. Positive screening results in pregnancy even if asymptomatic
should prompt a search for prior syphilis testing and for occult symptoms. If by
clinical exam there are no signs or symptoms suggestive of symptomatic syphilis,
care should be taken to determine how long this latent infection has been present.
Treatment with a single injection of BPG as the above is acceptable for primary,
secondary, as well as early latent syphilis if clear documentation of negative testing
within a year is available. Some experts recommend a second dose of benzathine
penicillin G 1 week later in pregnant patients especially in the third trimester ter-
tiary, and late latent syphilis requires weekly penicillin injection for three doses.
Severe allergies such as hives or angioedema to penicillin require desensitization as
alternatives to penicillin are not recommended because of potential fetal toxicity or
failure of treatment to cross the placenta.
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While a possibility in any patient receiving treatment for syphilis, the Jarisch-
Herxheimer reaction (immune over-reactivation from treponemal destruction) has
particular importance in the pregnant patient as it can lead to induction of early
labor or fetal distress. Pregnant women should be aware of this potential risk. The
non-treponemal test titer or RPR should be repeated at 1, 3, 6, 12, and 24 months
with a fourfold titer reduction by 6 months post therapy to ensure resolution.

Most cases of congenital syphilis occur from transmission to the fetus during
early syphilis (primary, secondary, and early latent). The frequency of vertical trans-
mission increases as gestation advances, but the severity of fetal infection decreases
with infection later in pregnancy. Seventy to 100 % of infants born to untreated
mothers will be infected compared to 1-2% of those born to women adequately
treated during pregnancy. Therefore, screening for syphilis at the first prenatal visit
and repeat testing later in pregnancy for those at highest risk is critical for the pre-
vention of congenital syphilis and its potential adverse fetal outcomes.

Rubella

Rubella, also known as German measles, is a member of the Togavirus family,
genus Rubivirus. Rubella is a childhood disease that prior to a generalized vaccina-
tion plan occurred in 6-year cycles, usually in the late winter. Rubella during preg-
nancy can result in spontaneous abortion, intrauterine growth restriction, and fetal
malformations. Vaccination greatly reduced the incidence of rubella and congenital
rubella syndrome. Acute rubella is normally a self-limited disease associated with a
maculopapular rash similar to scarlet fever that begins on the face and quickly
spreads to the trunk and extremities. Other nonspecific symptoms such as low-grade
fever, sore throat, cough, headache, and malaise may also be present. Classically,
rubella is associated with tender suboccipital and postauricular lymphadenopathy.
Treatment is supportive.

Congenital rubella infection can be catastrophic, not only resulting in spontane-
ous abortion, intrauterine growth, and congenital defects (classically valvular
abnormalities, hearing and visual impairment) but also more subtle late manifesta-
tions such as intellectual disability, diabetes mellitus, and thyroid abnormalities.
Maternal-fetal transmission is the highest if infection occurs in the first 16 weeks of
pregnancy. The incidence of defects may be as high as 80-85 % if maternal rubella
is acquired during the first trimester. Little if any risk for congenital rubella syn-
drome occurs after 18-20 weeks’ gestation.

As there is no treatment, prevention and early fetal diagnosis is essential. The
CDC recommends documentation of rubella immunity at the first prenatal visit. If
the woman is nonimmune, MMR vaccine should be given postpartum since this live
vaccine is contraindicated during pregnancy.

In patients with no evidence of immunity and clinical features suggestive of
rubella infection, acute rubella can be documented by one of the following: a greater
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than fourfold increase in IgG rubella titers in convalescent versus acute serum, the
presence of rubella-specific IgM, or a positive rubella culture. In all pregnant
patients with acute rubella, fetal infection should be sought by chorionic villous or
amniotic fluid sampling with a rubella-specific polymerase chain reaction assay.

Due to the catastrophic effects of congenital rubella infection in early pregnancy,
women should be counseled on the risk of maternal-fetal transmission and offered
pregnancy termination, especially if congenital infection happens in the first
trimester.

Cytomegalovirus

Cytomegalovirus (CMV) is a DNA herpes virus that is the most common congenital
viral infection. Maternal infection can be either primary, when a nonimmune woman
is primarily infected, or secondary, when maternal immunity was present prior to
conception and may be due to reactivation of latent virus versus reinfection.
Maternal immunity is more prevalent in the lower socioeconomical status and older
and multiparous women.

Adult primary infection resembles a mononucleosis-like syndrome with low-
grade fever, myalgia, headaches, rhinitis, pharyngitis, and malaise. About a quarter
of all congenital CMV infection occurs after maternal primary infection [35]. Fetal
CMYV disease presents with a wide variety of manifestations and appears to be more
severe if infection is acquired in the first trimester. Clinical manifestations include
intrauterine growth restrictions, CNS abnormalities such as microcephaly or chorio-
retinitis, hepatosplenomegaly, and thrombocytopenia [35]. Mortality is around 5 %
of all the newborn affected and long-term morbidity is typically related to neuro-
logical involvement [36]. Treatment with antiviral medication during pregnancy has
not been proven to be beneficial, and the effects of medications such as ganciclovir,
foscarnet, and cidofovir on the early fetus have not been established. Treatment of
the neonate for CMV end organ disease is however recommended.

While recommended in many European countries, there is no consensus on base-
line prenatal screening for immunity to CMV in the United States. In general,
women with a febrile illness or clinical features suggestive of mononucleosis-like
illness should be screened for primary CMV infection. As with Toxoplasma, the
diagnosis of acute primary CMV is dependent on a fourfold increase in IgG titers
between acute and convalescent serum, with IgM titers not helpful as they can
remain elevated for prolonged periods.

If acute primary CMV is confirmed, prenatal diagnosis should be offered to preg-
nant women, given the risk of fetal infection. Fetal infection can be established by
amniotic fluid sampling for CMV DNA-specific polymerase chain reaction. Fetal
prognosis depends on ultrasound assessment of stigmata of CMV infection. There
is evidence that CMV hyperimmunoglobulin might be helpful in decreasing the rate
of fetal infection with primary maternal infection.
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Herpes Simplex Virus

Genital herpes is the result of infection with either herpes simplex virus (HSV) type
1 or 2. HSV is a DNA virus that belongs to the family Herpesviridae. While classi-
cally genital herpes is associated with HSV-2 infection, more recent data shows that
HSV-1 appears to be an important cause of genital herpetic lesions as well [37].
Seroprevalence for both HSV-1 and HSV-2 is higher with lower socioeconomical
status and multiple sexual partners and among black women. Unlike CMV, HSV
transmission happens mostly through direct contact in the birth canal and perineal
area during labor and delivery. Rarely, there is in utero transplacental transmission.
There are no current recommendations in the United States to screen couples for
HSV infection.

The presentation and treatment of genital herpes differs whether it is a primary
infection or a recurrence. In primary infection, the presentation is normally more
symptomatic and has the potential to be severe. Genital and/or perineal pustular
lesions with blistering and ulceration are normally present in primary infection.
They last for about 2 weeks. Local pruritus with dysuria that can progress to urinary
retention might also be present. Systemic signs such as fever and lymphadenopathy
are more commonly present in primary infection. Only about one-third of patients
with primary genital herpes are symptomatic [38].

In recurrent disease, or in the first genital manifestation of non-primary infec-
tion, symptoms are milder, and the lesions, if present, can be atypical with ery-
thema, irritation, and pruritus rather than blistering lesions alone [39].

Viral shedding is shorter and less intense in patients with recurrent disease,
which may partially explain why vertical transmission is less likely in mothers with
recurrent disease when compared with mothers with primary infection during
pregnancy.

Diagnosis is by means of vesicular fluid sampling for either viral culture or HS V-
directed polymerase chain reaction (PCR). Distinction between primary (negative
serum antibodies for HSV) and non-primary first genital episode (serum antibodies
do not match type in lesion) or recurrence (same HSV type in serum and lesion) is
based on serum antibody testing.

Treatment for a first genital lesion is recommended as it reduces the duration of
active lesions and viral shedding with better results if given within 24 h of beginning
of symptoms. Acyclovir 400 mg three times daily orally for 10 days is the recom-
mended regimen. Acyclovir is a FDA class B drug.

For recurrent infection, the recommendations to treat are not as strong unless the
pregnancy is <35 weeks of gestation as these normally self-resolve. At 36 weeks of
gestation in patients with symptomatic genital HSV infection, recommendations
from ACOG state to use acyclovir 400 mg three times daily orally from 36 weeks
until delivery as it reduces a asymptomatic viral shedding, and there is evidence that
it might reduce clinical HSV recurrences at the time of delivery and hence the need
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for cesarean delivery. For these reasons, suppressive therapy after 36 weeks is indi-
cated in women with a history of recurrent genital HSV, even if asymptomatic [40].
Valacyclovir is an alternative but often is more costly and with more limited safety
data in pregnancy.

Delivery by cesarean is recommended in mothers with active genital HSV lesions
or prodromal symptoms suggestive of HSV infection in the birth canal, as per CDC
and ACOG recommendations. If active lesions are not present or do not involve
birth canal or the area surrounding it, cesarean delivery is not recommended.

About 5-15 % of neonatal herpes is acquired in the postpartum period. Careful
hand washing and covering of active lesions should be enforced in anyone with
active lesions and caring for the infant. As long as there are no herpetic breast
lesions, breastfeeding is not contraindicated. While acyclovir is excreted in breast
milk, there are no contraindications to breastfeeding while on acyclovir or valacy-
clovir (Figs. 2, 3, and 4).

Meat should be “well done” with no signs of rawness. Smoked, dried or cured meat can
be infectious.

Avoid contact with raw meat, wash hands if contact necessary. Kitchen surfaces and
utensils should also be disinfected if used with raw meat.

Avoid close contact with material potentially contaminated with cat feces, use gloves if
unavoidable. Disinfect cat-litter box with near boiling water prior to refill.

Wash fruits and vegetables

Fig. 2 Preventing toxoplasmosis in pregnant patient

Early
(primary/secondary/early Benzathine penicillin G 2.4 million units IM in a single dose
latent)

Benzathine penicillin G 7.2 million units total, administered as 3
Late (latelatent/tertiary) doses of 2.4 million units IM each at 1-week intervals

Aqueous crystalline penicillin G 18--24 million units per day,
administered as 3--4 million units IV every 4 hours or continuous
infusion, for 10--14 days OR Procaine penicillin 2.4 million units
IM once daily PLUS Probenecid 500 mg orally four times a day,
both for 10--14 days

Neurosyphilis

Fig. 3 Treatment of syphilis in pregnant patient (Centers for Disease Control and Prevention.
Sexually Transmitted Diseases Treatment Guidelines, 2010 available at: http://www.cdc.gov/
mmwr/preview/mmwrhtml/rr5912al.htm?s_cid=rr5912al_w)


http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5912a1.htm?s_cid=rr5912a1_w
http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5912a1.htm?s_cid=rr5912a1_w
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Primary or first genital Primary: Acyclovir 400 mg orally, three times daily for 7 to
‘non primary infection 10 days.

First genital episode: Same regimen, but recommendation to
treat not as strong as primary infection

Recurrent infection prior| Consider treatment with acyclovir if started within 24 hrs,
to 36 weeks of gestation| otherwise no clear indication to treat

Symptomatic infection at|  Acyclovir 400mg orally three times daily until delivery.

or above 36 weeks of Consider cesarean delivery if symptoms persist near
gestation delivery. Suppressive treatment from 36 weeks to delivery
is indicated if history of genital HSV infection

Fig. 4 Treatment of genital HSV infection in pregnancy (Adapted from ACOG Committee on
Practice Bulletins [40])

Fig. 5 Slapped cheek-type rash on the face and a lacy rash seen on the hands of a young child
(CDC http://www.cdc.gov/parvovirusb19/fifth-disease.html)

Case #4 Parvovirus

A 28-year-old woman presents to her primary care physician at 30 weeks of preg-
nancy with a chief complaint of feeling ill for the last week. She has had subjective
fevers, a mild headache, and joint aches especially in her knees and wrists. She has
a 3-year-old son at home who was recently sick with a fever to 39 °C and a rash
similar to the one seen in Fig. 5. She is also a physician and thus has had sick con-
tacts in the workplace as well. She wonders what she might have and what effect
this illness may have on her baby. She also wonders if there is anything she could
have done differently to avoid getting ill during pregnancy.

Introduction

In the above case, the slapped cheek-type rash of the young boy and fever and
arthralgias in the woman should make one consider parvovirus B19. It is a common
childhood virus that causes erythema infectiosum (EI), also known as fifth disease.


http://www.cdc.gov/parvovirusb19/fifth-disease.html
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Itis an illness that occurs worldwide and one that is typically self-limited. However,
it can have implications such as severe anemia and aplastic crisis in the immuno-
compromised host and rare but serious adverse effects for the fetus if infection
occurs during pregnancy [41].

Epidemiology

Infection with parvovirus B19 usually occurs during late winter or early spring and
is primarily spread through respiratory droplets [42]. Outbreaks occur on a yearly
basis with large epidemics cycling every 4-5 years [41]. It is common in childhood
as seen by the prevalence of IgG antibodies to the virus in 2—15 % of children ages
1-5 and 15-60 % of children ages 6-19. By the time a woman reaches child-bearing
age, up to 60 % have immunity to the illness from a prior infection [43]. The inci-
dence of acute B19 infection is 3—4 % during pregnancy, and vertical transmission
during pregnancy can occur in 25-51 % of cases [43, 44]. The highest infection rate
occurs in occupations with close contact with young children such as schoolteach-
ers, daycare workers, and women with nursery or school-age children at home [42].

Clinical Presentation

In children, EI typically presents with a prodrome of fever and headache, fol-
lowed by a slapped cheek rash on the face and a lacy rash that can be seen on the
trunk and extremities as seen above. The rash occurs less frequently in adults and
symptoms can mimic a mild cold or even be asymptomatic. For most adults, a
symmetric polyarthralgia is one of the most common symptoms and can last
weeks to months. The illness in immunocompetent adults and children is typically
self-limited, but as discussed below, pregnant women are at risk for fetal compli-
cations. The varying presentation of parvovirus B19 in mother and baby can be
seen in Table 3. The incubation period is 13—18 days, and the infectivity differs
from other rash illnesses in that an infected individual is contagious before the
onset of symptoms. This makes prevention of the illness in susceptible or high-
risk hosts especially challenging.

Parvovirus in Pregnancy

Parvovirus B19 infection during pregnancy is associated with rare but potentially
devastating adverse fetal outcomes including severe fetal anemia, nonimmune
hydrops fetalis, and intrauterine fetal death (IUFD). This occurs as a result of the
B19 virus’ infection of erythroid precursor cells and inhibition of hematopoiesis.
Binding sites are found on erythrocytes, but also synovium, placental tissue, fetal
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Table 3 Presentation of parvovirus B19 infection

Maternal:

Asymptomatic

Erythema infectiosum/rash
Arthropathy
Anemia

Myocarditis
Fetal:
Fetal loss

Anemia

> Hydrops

Myocarditis

With permission from the Society of Obstetricians and Gynaecologists of Canada [1]

myocardium, and endothelial cells. Severe anemia in the fetus can lead to high-
output heart failure and hydrops fetalis as seen by ascites, cardiomegaly, and peri-
cardial effusion on ultrasound exam [43]. Fortunately, this does not occur as often
as initially thought. Gratacés et al. prospectively studied 1610 pregnant women in
Spain who were <28 weeks pregnant at enrollment. The prevalence of IgG positivity
was 35 %. The incidence of acute parvovirus infection during pregnancy was 3.7 %.
The incidence of fetal loss due to parvovirus in this large study was 1.66 %. The
remaining pregnancies were uneventful, and the 1-year follow-up of infants born to
mothers infected during pregnancy showed no serious abnormalities [44].

Similar findings were shown by Enders et al. in another large prospective
observational study of 1018 women infected with parvovirus during pregnancy.
The observed rate of fetal death was 6.3 %, and death was only observed when
B19 infection occurred during the first 20 weeks of gestation. There were six
stillbirths, four of which were attributed to B19 infection within the first 20 weeks.
This study demonstrated the B19 associated risk of fetal death which was largely
confined to the first 20 weeks of gestation. The overall risk of hydrops fetalis in
this study was 3.9 %. As with fetal death, hydrops was seen more often when
infection occurred earlier in pregnancy (<32 weeks). A reduced incidence of fetal
death with initiation of intrauterine transfusions (IUT) in cases of hydrops fetalis
was also seen in this study. The proportion of fetuses that survived after receiving
IUT was 11/13 (84.6 %). All of the non-transfused fetuses with severe hydrops
died [2]. Although parvovirus appears to be teratogenic in some animals, and
some case reports have suggested a link between parvovirus infection during
pregnancy and congenital malformations, this has not been supported by epide-
miologic and long-term studies [45, 46]. One retrospective study by Rodis et al.
looked at outcomes of approximately 110 women up to 7 years after acute parvo-
virus infection during pregnancy and found no increase in the frequency of devel-
opmental delays in children with exposure in utero compared to women with
known immunity to parvovirus. In summary, although vertical transmission in
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pregnancy can occur relatively commonly, adverse fetal effects remain a rare
complication in a minority of fetuses.

Diagnosis and Management

It is not currently recommended to perform routine screening for parvovirus B19 in
pregnancy. In the setting of compatible symptoms or a possible exposure to parvo-
virus, the pregnant woman should be assessed to determine whether she is suscep-
tible to infection or is currently infected. The diagnosis relies primarily on IgM and
IgG antibodies, but polymerase chain reaction (PCR) can be helpful in certain situ-
ations. The sensitivity of parvovirus B19 IgM is between 80 and 90 % and can be
seen approximately 10 days after an exposure which is typically right before symp-
tom onset [47]. B19 IgG antibodies develop a few days after IgM antibodies and
usually persist for life. The diagnosis and initial management of a pregnant patient
with symptoms concerning for parvovirus or with a known exposure is seen in
Fig. 6. An isolated positive IgG would suggest prior infection and current immunity
with no risk for the fetus. An isolated positive IgM or an IgM and IgG antibody is
consistent with a recent infection, and an ultrasound examination should be per-
formed to look for evidence of severe anemia or hydrops fetalis. Serial ultrasounds
are typically performed every 1-2 weeks for up to 12 weeks after infection.
Ultrasound examinations should include Doppler measurement of the fetal middle
cerebral artery (MCA) peak systolic velocity which has been shown to be a sensitive
sign for identifying fetal anemia. Signs of hydrops fetalis include scalp edema, asci-
tes, polyhydramnios, and cardiomegaly [41, 43, 48].

Women who are diagnosed with acute infection in the first 20 weeks of preg-
nancy should be counseled that there is a risk of fetal loss which may approach
10%, as well as fetal anemia and hydrops. Serial ultrasounds can help to detect
early signs of anemia and hydrops, and intrauterine fetal transfusions can be used to
decrease risk of fetal death. Women who are diagnosed with infection in the second
half of pregnancy, as was our case patient, have a much lower risk of fetal death, but
fetal hydrops and severe anemia can occur making serial ultrasounds important in
this group as well.

Although some studies have found an increased risk of infection in daycare
workers and school teachers, the majority of infected women are exposed by
their own children in the home [1]. Since the risk of infection at home and in
the community exceeds that of the workplace, it does not make sense to exclude
pregnant women from higher-risk occupations. The CDC and the American
College of Obstetricians and Gynecologists (ACOG) do not recommend rou-
tinely excluding pregnant women from the workplace during endemic out-
breaks of parvovirus [49]. Also, since transmission of parvovirus B19 can
occur before symptom onset, there are no clear strategies to prevent B19 expo-
sures in pregnancy. Patients with preschool or school-aged children at home
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Recently exposed (or with symptoms)

Test for parvovirus B19 IgG/IgM

IgG + 19G +/- 19G -
IgM - IQI - IgM -

Likely past infection Possible recent infection No past or recent infection

Recent maternal infection diagnosed

!

Reassure Referral to obstetrician Counsel
Ultrasound + MCA Doppler

Hydrops or No hydrops or
evedience of fetal anemia evedience of fetal anemia
Refer to meternal-fetal medicine specialist. Consider serial ultrasound including

. . . MCA Doppler every 1 to 2 weeks, up to
Consider fetal blood sampling, transfustion. 12 weeks after infection

Consider delivery if at or near term \

If hydrops develops

Fig. 6 Management of a pregnant woman exposed to parvovirus B19 (with permission from the
Society of Obstetricians and Gynaecologists of Canada [1])

and those working in schools or daycares can be counseled to avoid close sick
contacts and sharing food and drink and to use careful hand washing especially
during outbreaks.

Case #5 Lyme Disease

A 30-year-old woman presents to her obstetrician in July with a chief complaint of
fever and rash of 2-day duration. She is currently 24 weeks pregnant and has no
significant past medical history. She recently returned from a trip to Cape Cod,
Massachusetts, where she enjoyed hiking and camping. She does not recall any tick
bites. She complains of subjective fevers and a red, circular, non-pruritic, non-
tender rash in her axilla that she noticed in the shower. She also complains of pro-
found fatigue, malaise, and diffuse muscle aches. She has two small children at
home who are well.
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Her exam is notable for a temperature of 39.2 C, HR 98, BP 110/80. On exam,
she is a fatigued-appearing woman with anicteric, non-injected sclera, supple neck,
and no cervical lymphadenopathy. She has a normal cardiopulmonary, abdominal,
and neurologic examination. Her skin exam reveals an 8 cm circular, macular, ery-
thematous rash, without central clearing similar to lesion seen in Fig. 7. Her CBC is
notable for a mild anemia with hemoglobin 11 g/dL and Lyme serologies return
negative. How should this case be managed?

Discussion

Lyme disease is the most common tick-borne infection in North America and
Europe. In North America, Lyme disease is caused by Borrelia burgdorferi, a
spirochete transmitted by the Ixodes tick (deer tick) [50]. According to the
Center for Disease Control and Prevention (CDC), although Lyme disease has
been reported from most states in the nation, 95 % of all cases in 2013 occurred
in the northeast and upper Midwest. Transmission occurs through injection of
tick saliva during a blood meal. It is important to remember that a feeding of
at least 36—48 h is usually required for transmission since Lyme Borrelia
resides in the midgut of the tick. In addition to avoidance of tick exposure,
early tick removal is currently one of the best methods for preventing Lyme
disease [50].

The clinical stages of Lyme disease can be divided in three groups: early
localized, early disseminated, and late disease (see Table 4) [51]. Our patient
presented with signs and symptoms consistent with early, localized infection.
Her skin lesion is typical for erythema migrans (EM). EM is a rash that typi-

Fig. 7 A single erythema
migrans lesion of

8.5x5.0 cm on the
abdomen. The lesion is
homogeneous in color,
except for a prominent
central punctum (presumed
site of preceding tick bite)
(Reprinted with permission
from Oxford University
Press)
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Table 4 Stages and symptoms of Lyme disease

Stage Symptom

Early localized Erythema migrans

Virus-like illness (e.g., fatigue, malaise, fever, chills, myalgia, headache)
Early disseminated Common:

Cardiac (e.g., atrioventricular block)

Dermatology (e.g., multiple erythema migrans lesions)

Musculoskeletal (e.g., arthralgia, myalgia)

Neurologic (e.g., lymphocytic meningitis, facial nerve palsy,
encephalitis)

Late Arthritis (e.g., monoarticular, oligoarticular)

Neurologic symptoms (e.g., encephalomyelitis, peripheral neuropathy)

Reprinted with permission from AAFP

cally occurs at the site of the tick bite within 1-2 weeks (range 3—-30 days). It
is painless, non-pruritic, round or oval, and >5 cm in diameter and can subse-
quently expand with central clearing. Many patients also have nonspecific
symptoms such as fever, headache, myalgias, and fatigue [50]. Early dissemi-
nated infection is characterized by multiple EM lesions, cardiac and/or neuro-
logic findings such as facial nerve palsy. Late Lyme typically occurs weeks to
years after infection and symptoms can include Lyme arthritis and/or neuro-
logic complications [S1].

The CDC and Infectious Disease Society of America (IDSA) guidelines rec-
ommend serologic testing to help support the diagnosis of Lyme disease in
symptomatic patients. The mainstay is a two-tier approach as outlined in Fig. 8.
Initial testing is with the more sensitive enzyme-linked immunosorbent assay
(ELISA). If this is equivalent or positive, the more specific, Western blot is done
for confirmation. Of note, EM alone is sufficient for a diagnosis of Lyme disease
based on clinical grounds. As in this case, the serologic testing during early,
localized disease is insensitive, and patients should be treated based on clinical
findings alone. Up to 40—60 % of patients with early localized disease will have
negative serologic testing, and diagnoses could be missed if Lyme is not clini-
cally suspected [52].

Lyme Disease in Pregnancy

There has long been concern that Lyme disease, if contracted during pregnancy,
could cause fetal harm or give rise to its own congenital syndrome. Other spiro-
chetal diseases, such as syphilis, can cross the placenta and cause well-described
effects on the fetus. The possibility of transplacental infection with B. burgdorferi
has been documented in a number of case reports [53—-57]. In 1983, the first case of
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Two-Tiered Testing for Lyme Diseases

First Test Second Test

Enzyme .
Immunoassay Signs or IgM and IgG

EIA it symptoms Western Blot
(EIA) P°s°':'ve <30 days

Equivocal
OR
Result ]
SIS @ IgG Western Blot
Immunofluorescence symptoms ONLY
Assay > 30 days

(FA) Negative

Result

Consider alternative diagnosis

If patient with signs/symptoms consistent
with Lyme disease for < 30 days, consider
obtaining a convalescent serum

National Center for Emerging and Zoonotic Infectious Diseases _/é CDC
>

Division of Vector Bome Diseases | Bacterial Diseases Branch

Fig. 8 The Two-tier Testing Decision Tree describes the steps required to properly test for Lyme
disease (Reprinted with permission from CDC)

presumed transplacental transmission of B. Burgdorferi was reported by Shirts et al.
in a 27-year-old woman who presented with fever in the third trimester. The infant
was delivered at 34 weeks via cesarean section for non-reassuring fetal status and
the mother received cefamandole. Infant complications included hyperbilirubine-
mia, hepatosplenomegaly, and rash. A Borrelia-like spirochete was seen on periph-
eral blood smear from the infant and in the lumen of the placental cord vessels. The
infant did well following ampicillin treatment [56]. Schlesinger et al. later reported
another case of transplacental transmission of B. burgdorferi in a woman who
developed an EM rash in her first trimester but was not treated. The infant born at
35 weeks died within 2 days of birth and was found to have multiple cardiac defects.
Postmortem examination did reveal spirochetes in multiple organ systems in the
infant [55].

Whether transplacental transmission of B. burgdorferi actually increases the
risk of an adverse pregnancy outcome is unclear. The individual case reports of
cardiac malformations, stillbirth, cerebral edema, and rash have suggested a pos-
sible association between Lyme disease in pregnancy and neonatal harm [53, 55,
57]. However, clinical, serological, and epidemiological studies have failed to
demonstrate a definite causal association between infection in pregnancy and
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adverse pregnancy outcomes [58—60]. In one of the largest prospective studies to
date, Strobino et al. looked at over 2000 pregnant women in Westchester County,
New York, an area with high endemnicity for Lyme disease. They collected clini-
cal questionnaires and Lyme serologies at the first prenatal visit and delivery.
They found that maternal exposure to Lyme disease before conception or during
pregnancy was not associated with fetal death, congenital malformations, or pre-
maturity [59]. This same author also found no association between congenital
heart defect and maternal tick bite or maternal Lyme disease within 3 months of
conception or during pregnancy in a retrospective case-control study [61].
Although rare cases suggestive of congenital Lyme have been reported in the lit-
erature, the majority of women who are infected do not transmit the disease to
their infant.

Treatment of Lyme Disease

The IDSA guidelines on the treatment of Lyme disease can be seen in Table 5.
The management of pregnant woman with Lyme disease differs only in that dox-
ycycline is contraindicated in pregnancy because of the risk of permanent tooth
discoloration and possible effect on fetal bone formation. In this patient with
early, localized Lyme disease, amoxicillin 500 mg three times per day for 14-21
days would be appropriate. In cases where parental therapy is preferred such as
neurologic abnormalities, and some cardiac conditions including high-degree AV
block, ceftriaxone is the drug of choice in nonpregnant and pregnant patients
alike. It is important to know that Ixodes ticks can be co-infected and transmit
Lyme in addition to other pathogens such as Anaplasma phagocytophilum and
Babesia spp. If symptoms are not compatible with Lyme disease after a tick bite
or symptoms fail to resolve after appropriate antibiotic therapy, these co-infec-
tions should be considered [62]. Amoxicillin, which would be used to treat early
Lyme disease in pregnant patients, is not effective against either Anaplasma or
Babesia, and further investigation and alternative therapies would need to be
explored.

In the case of a known tick bite, the IDSA recommends antibiotic prophylaxis
with a single dose of doxycycline 200 mg given within 72 h of tick removal for
select patients meeting all the following criteria: The attached tick can be identi-
fied as an adult or nymphal Ixodes tick and has been attached for >36 h based on
exposure or engorgement; local rate of Borrelia burgdorferi in ticks is >20 %;
and doxycycline is not contraindicated. In this case, a tick bite was not recog-
nized, but if it had been, prophylaxis would not be recommended. This is because
of risks of doxycycline in pregnancy, in combination with the lack of data to
support short courses of amoxicillin as a prophylactic regimen, and the excellent
efficacy of antibiotic treatment of Lyme disease if infection does develop [50].
Since prophylaxis in pregnancy is not a recommended prevention of Lyme
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Table 5 Recommended antimicrobial treatment of patients with Lyme disease

Drug

Dosage for adults

‘ Dosage for children

Preferred oral regimens

Amoxicillin

500 mg 3 times per day®

50 mg/kg per day in 3 divided doses
(maximum, 500 mg per dose)*

Doxycycline

100 mg twice per day®

Not recommended for children aged <8
years

For children aged >8 years, 4 mg/kg per
day in 2 divided doses (maximum,

100 mg per dose)

Cefuroxime
axetil

500 mg twice per day

30 mg/kg per day in 2 divided doses
(maximum, 500 mg per dose)

Alternative oral regimens

Selected
macrolides®

Azithromycin 500 mg once
daily, clarithromycin 500 mg
twice per day

Azithromycin 10 mg/kg per day,
clarithromycin 7.5 mg/kg twice per day

Preferred parenteral

regimen

Ceftriaxone

2 g intravenously once per day

50-75 mg/kg intravenously per day in a
single dose (maximum, 2 g)

Alternative parenteral regimens

Cefotaxime

2 g intravenously every 8 h¢

150-200 mg/kg per day intravenously
3—4 divided doses (maximum, 6 g per
day)*

Penicillin G

18-24 million U per day
intravenously, divided every 4
hd

200,000-400,000 U/kg per day divided
every 4 h' (not to exceed 18-24 million
U per day)

Reprinted with permission from Oxford University Press [1]

*Although a higher dosage given twice per day might be equally as effective, in view of the absence
of data on efficacy, twice-daily administration is not recommended

"Tetracyclines are relatively contraindicated in pregnant or lactating women and in children <8

years of age

‘Because of their lower efficacy, macrolides are reserved for patients who are unable to take or who
are intolerant of tetracyclines, penicillins, and cephalosporins
YDosage should be reduced for patients with impaired renal function

disease with avoidance of possible exposure, the use of tick repellents, such as
DEET (N,N-diethyl-3-methylbenzamide), and early removal of ticks remain
important tools to reduce infection rates [63].
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