Chapter 5
Rickettsiales: Treatment and Management
of Human Disease

Lucas S. Blanton

1 Introduction

Syndromes associated with organisms in the order Rickettsiales range from mild
illness, which may fail to prompt the seeking of medical attention, to severe life-
threatening infections. Infections with these agents are not limited to those with
severe medical comorbidities or immunocompromised conditions; rather, anyone
exposed to potential vectors (even the young, active, and healthy) is at risk for
acquiring an infection. Fortunately, if the possibility of a rickettsiosis is promptly
recognized, the prompt initiation of an effective antibiotic can prevent morbidity
and mortality (Hamburg et al. 2008), especially in the setting of a severe disease
such as Rocky Mountain spotted fever (RMSF). Effective therapy is readily avail-
able and generally inexpensive, but many empiric antibiotic choices such as beta-
lactams or sulfonamides, targeting more frequently occurring syndromes (e.g.,
pharyngitis, upper respiratory tract infections, urinary tract infections), have no
activity against these rickettsial pathogens (Rolain et al. 1998; Branger et al. 2004).
This chapter is intended to guide the reader on appropriate pharmacologic therapy
for those infected with organisms in the order Rickettsiales. The following sections
will outline the general principles when approaching a patient with a suspected
rickettsiosis; discuss important pharmacologic properties of active antimicrobial
agents; discuss specifics regarding important clinical syndromes; and finally, touch
upon some important aspects regarding the treatment of children and pregnant
women.
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2 General Principles

As largely undifferentiated febrile illnesses with signs and symptoms mimicking
many other infectious diseases, it is imperative for clinicians to be aware of the spe-
cific rickettsial agents endemic to their region of practice and to recognize the poten-
tial for acquiring these infections while traveling (Parola et al. 2013). The patient’s
history in regard to occupation, recreational activities, and exposure to potential
arthropod vectors and mammalian reservoirs is paramount in formulating the dif-
ferential diagnosis in a patient with a fever without an obvious source. Although
rash is often the sign that clues a physician to include a rickettsial illness as a con-
sideration, the presence of a typical rash varies depending on the infecting agent. For
example, rash occurs in 90 % with RMSF (R. rickettsii) (Helmick et al. 1984) versus
54 % with murine typhus (R. typhi) (Dumler et al. 1991). Rash may occur late in the
course of illness (50 % after day 3 in those with RMSF) (Helmick et al. 1984).
Furthermore, rash is a less frequent occurrence in human monocytotropic ehrlichio-
sis (HME) (Fishbein et al. 1994; Olano et al. 2003) and human granulocytotropic
anaplasmosis (HGA) (Aguero-Rosenfeld et al. 1996; Bakken and Dumler 2008).
Since delay of treatment can have severe consequences and portend a higher case
fatality rate (Kirkland et al. 1995), clinicians should not rely on the presence of rash
when considering empiric treatment. Subtle physical exam findings, such as an
eschar, may be hidden and require close examination of normally clothed areas of
the skin (genitalia, buttock, or axilla), but their presence may be a strong indicator of
the site of bacterial inoculation. In those with darkly pigmented skin, a subtle rash
may not be easily noticed, as it may be in a patient with lightly pigmented skin.

When infection with these agents is suspected, prompt empiric antimicrobial
therapy should be started. Confirmatory laboratory diagnosis with serology, the
mainstay of diagnostic techniques, is retrospective in nature, requiring seroconver-
sion or fourfold increase in antibody titers from acute- and convalescent-phase
serum samples. Therefore, antimicrobials should not be withheld while awaiting
confirmation of diagnosis (Chapman et al. 2006).

The antibiotics used to treat these infections are relatively bioavailable by the
oral route, facilitating outpatient management— provided the patient is able to tol-
erate oral medications and has access to appropriate follow-up. Since nausea and
vomiting often accompany severe disease, admission to the hospital for initiation
of parenteral antibiotics may be necessary. Other indications for hospitalization,
and perhaps admission into an intensive care unit, may include the need for close
clinical monitoring, management of hemodynamic instability with intravenous flu-
ids and/or vasopressors, and other supportive measures (e.g., ventilatory manage-
ment and hemodialysis). The increased vascular permeability associated with
severe infections may complicate the balance of maintaining end organ perfusion
through maintenance of the intravascular fluid compartment versus extravasation
of fluid into the interstitial third space. For the sake of optimal ventilatory support,
this may necessitate the need for Swan Ganz catheterization to monitor pulmonary
capillary wedge pressure.
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3 Antimicrobial Agents

Many antimicrobials frequently used for the empiric treatment of a presumed bacte-
rial infection are ineffective for the treatment of rickettsioses (e.g., penicillins, ceph-
alosporins, sulfonamides, and aminoglycosides) (Rolain et al. 1998; Branger et al.
2004). Sulfonamide formulations, such as trimethoprim-sulfamethoxazole, have
even been associated with increased severity and poorer outcomes (Ruiz Beltran
and Herrero Herrero 1992a). For the most part, treatment for these illnesses is fairly
similar and lean on the tetracycline antibiotic class as the treatment of choice. For
the exception of prospective studies performed in those with Mediterranean spotted
fever (MSF), most treatment recommendations are based on retrospective data sup-
porting the efficacy of tetracyclines. Susceptibilities for antibiotics against rickett-
sial agents are not standardized or validated in the same manner as they are for more
typical bacterial agents. The following section will highlight important aspects of
antimicrobial agents with in vitro activity to clinically relevant rickettsioses.
Although not meant to be as extensive in detail, nor substitute for a pharmacologic
text, information will include usual dosages, potential side effects, and contraindi-
cations. When available, the MICs for drugs against these pathogens are mentioned.
Following sections will touch upon caveats of therapy regarding specific disease
syndromes and in special circumstances.

3.1 Tetracyclines

The tetracyclines are the treatment of choice for all agents in the order Rickettsiales.
This class includes tetracycline hydrochloride, doxycycline, and minocycline.
Tetracycline hydrochloride is a short half-life drug, which is given four times daily.
The presence of food inhibits its absorption. As a consequence of having to take on
an empty stomach, gastrointestinal side effects are fairly common. Although inex-
pensive and readily available throughout the world, the drug is not widely available
in the United States. Doxycycline and minocycline have good bioavailability with
food. In fact, the presence of food in the stomach can alleviate the potential side
effects of nausea and dyspepsia. The longer half-lives of doxycycline and minocy-
cline allow for twice daily dosing, another factor that improves adherence. These
medications should be taken with ample water to ensure passage through the gastro-
esophageal junction and to avoid pill esophagitis (Moffa and Brook 2015).

The in vitro susceptibility of tetracyclines to spotted fever group rickettsiae
(SFGR), typhus group rickettsiae (TGR), Orientia tsutsugamushi, Ehrlichia
chaffeensis, and Anaplasma phagocytophilum are excellent and appear better than
that of antibiotics in other classes (McDade 1969). The MICs of the SFGR and
TGR to tetracyclines are 0.06-0.25 pg/mL (Rolain et al. 1998); those for Orientia
tsutsugamushi are 0.15-0.31 pg/mL (Raoult and Drancourt 1991); those for
Ehrlichia chaffeensis are <0.5 pg/mL (Brouqui and Raoult 1992; Branger et al.
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2004); and those for Anaplasma phagocytophilum are 0.03-0.25 pg/mL (Klein
et al. 1997; Horowitz et al. 2001; Maurin et al. 2003; Branger et al. 2004). The
standard dose of doxycycline and minocycline in adults is 100 mg oral or intrave-
nous every 12 h. In those with severe illness, the first administration should be
given as a 200 mg loading dose. Subsequent doses should then resume at the stan-
dard 100 mg every 12 h. In children weighing less than 45 kg, 1.1 mg/kg every 12 h
should be given. The duration of therapy is discussed in sections pertaining to par-
ticular syndromes below.

3.2 Chloramphenicol

Chloramphenicol has long been considered the primary alternative to tetracyclines
for SFGR, TGR, and scrub typhus. For the SFGR and TGR, the MICs are 0.25-
2.0 pg/mL (Raoult and Drancourt 1991; Rolain et al. 1998). The MIC of chloram-
phenicol against O. tsutsugamushi is 1.25-2.5 pg/mL (Raoult and Drancourt 1991).
Choramphenicol has poor in vitro activity against E. chaffenesis and A. phagocyto-
philum (Brouqui and Raoult 1992; Klein et al. 1997; Horowitz et al. 2001; Maurin
et al. 2003; Branger et al. 2004). Although inexpensive and readily available in
much of the world, severe adverse reactions such as aplastic anemia should temper
its use when the risk to benefit ratio is not favorable. Chloramphenicol is no longer
manufactured or available in its oral form in the U.S. In addition, there have been
shortages of the intravenous formulation. Therefore, in the U.S., the drug is very
difficult to obtain and may not be a viable treatment option when clinicians are
faced with those with a severe allergery to drugs in the tetracycline class. Where
available, and when drugs in the tetracycline class are absolutely contraindicated,
chloramphenicol is given to adults at a dose of 500 mg every 6 h oral or intrave-
nously. In children, the dose is 12.5 mg/kg every 6 h intravenously.

3.3 Fluoroquinolones

The fluoroquinolones are a class of relatively broad-spectrum antibiotics with in vitro
activity to organisms in the genus Rickettsia. The MIC of readily available fluoroqui-
nolones (i.e., ciprofloxacin, ofloxacin, and levofloxacin) range from 0.25 to 1.0 pg/
mL to the SFGR and TGR tested (Jabarit-Aldighieri et al. 1992; Maurin and Raoult
1997; Rolain et al. 1998). Although ciprofloxacin has appeared effective against O.
tsutsugamushi in vitro (Kelly et al. 1995) and in a mouse model (McClain et al. 1988),
there have been clinical failures in humans treated with the antibiotics. Subsequent
studies have detected mutations in the gyrA gene (target site for fluoroquinolones) of
O. tsutsugamushi (Tantibhedhyangkul et al. 2010; Jang et al. 2013). The presence of
this mutation in the organism’s genome confers resistance and should preclude the
use of fluoroquinolones in those with scrub typhus. Although E. chaffeensis is not
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susceptible to fluoroquinolones, these agents have some activity against A.
phagocytophilum (MIC for ofloxacin 1-2 pg/mL, ciprofloxacin 1-2 pg/mL, and levo-
floxacin 0.5—-1 pg/mL) (Branger et al. 2004).

The fluoroquinolones have excellent oral bioavailability and are generally
well-tolerated. Concomitant administration with divalent cations will inhibit the
absorption of fluoroquinolones, so use of these medications in combination should
be avoided. Fluoroquinolones are not recommended for routine use in children
due to potential development of arthropathy as demonstrated in animal studies
(Hooper and Strahilevitz 2015). Data regarding their use in SFGR and TGR are
discussed in sections below. Ciprofloxacin is used at oral doses of 250-750 mg
twice daily; ofloxacin is used at oral doses of 200-400 mg twice daily; and levo-
floxacin is used at oral doses of 250—750 mg once daily. Doses must be adjusted
if there is renal impairment.

3.4 Macrolides/Ketolides

The macrolides consist of erythromycin, clarithromycin, and azithromycin.
Josamycin, another macrolide, is available in other markets, but not in the U.S. These
medications have in vitro activity against Rickettsia and Orientia. The oldest of
these drugs, erythromycin, has MICs against SFGR and TGR of 4-8 pg/mL and
0.06-0.125 pg/mL, respectively (Raoult et al. 1988; Rolain et al. 1998).
Clarithromycin and azithromycin are the newer macrolides available in the U.S. In
regard to SFGR, MICs vary depending on the agent: R. rickettsii (2-8 pg/mL), R.
conorii (1.0-16 pg/mL), and R. akari (0.25-2 pg/mL). The MIC of these drugs
against TGR is 0.1-0.25 pg/mL (Maurin and Raoult 1993; Keysary et al. 1996; Ives
et al. 1997). Macrolides are not active in vitro against E. caffeensis and A. phagocy-
tophilum (Branger et al. 2004).

Both clarithromycin and azithromycin have excellent pharmacokinetic and
pharmacodynamic properties, which result in high concentrations of the active drug
in tissues and effector cells. They are safe in pregnancy. Although clarithromycin
has many drug—drug interactions, azithromycin has much fewer. Use of either med-
ication may be accompanied by gastrointestinal complaints (i.e., nausea, diarrhea,
and abdominal pain), but they occur much less frequently than with erythromycin.
The usual adult dose of clarithromycin is 500 mg twice daily. Azithromycin is typi-
cally started with a 500 mg loading dose on the first day, followed by 250 mg in
subsequent days for indications such as community acquired pneumonia, but it has
been studied using a variety of dosing schedules, including single dose regimens,
depending on the infectious syndrome being treated (Sivapalasingam and Steigbigel
2015). When evidence is available, dosing schedules have been provided in the
syndrome sections below.

Telithromycin is an erythromycin derivative classified in a separate antimicrobial
class—the ketolides. Due to its enhanced pharmacokinetics, it is a once-daily medi-
cation. It has activity against several SFGR (R. rickettsii, R. conorii, R. africae) and
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TGR with in vitro MICs of 0.5-1 pg/mL (Rolain et al. 2000). Although not studied
in clinical illness caused by SFGR and TGR, it has demonstrated clinical effective-
ness in those with scrub typhus. Unfortunately, reports of severe liver toxicity have
prompted the FDA to relabel the medication with additional warnings. For this rea-
son, macrolide therapy seems to be a safer and more reasonable alternative.

3.5 Rifamycins

Although rifamycins are effective in vitro against a variety of SFGR (R. rickettsii,
R. conorii, R. japonica, R. honei, R. sibirica, R. africae, R. parkeri, and R. slovaca)
and the TGR, with MICs of 0.06—1.0 pg/mL (Rolain et al. 1998), there is no clinical
data to support their effectiveness in humans. In a small study of those with
Mediterranean spotted fever, a 5-day course of rifampin was associated with several
treatment failures and was inferior to a 1-day course of doxycycline (Bella et al.
1991). Rifamycins are also effective against O. tsutsugamushi in susceptability
studies. There is clinical data to support its use in those with scrub typhus (see
below) (Watt et al. 2000). Rifampin has MICs against Ehrlichia chaffensis and
Anaplamsa phagocytophilium of 0.03 pg/mL—-0.125 pg/mL and 0.03 pg/mL, respec-
tively (Brouqui and Raoult 1992; Klein et al. 1997; Horowitz et al. 2001; Maurin
et al. 2003; Branger et al. 2004). Rifampin, the most available rifamycin, can be
dosed at 300 mg twice daily or 600 mg daily in adults. It has excellent oral bioavail-
ability and is well-tolerated (Maslow and Portal-Celhay 2015).

4 Antibiotic Treatment of Clinical Rickettsioses

4.1 Rocky Mountain Spotted Fever

There are no prospective randomized clinical trials comparing various antibiotic
regimens for the treatment of RMSF. The excellent in vitro susceptibilities and over-
whelming retrospective clinical evidence support tetracyclines as the antibiotic
class of choice (Walker and Blanton 2015). As mentioned above, the ease of dosing,
tolerability, and bioavailability with food favor doxycycline as the drug of choice in
this class. Although the drug has excellent absorption via the oral route, RMSF is
often accompanied by gastrointestinal symptoms such as nausea and vomiting,
which may necessitate hospitalization and parenteral administration. When a patient
with RMSF is presenting with severe or moderate illness, a 200 mg oral or intrave-
nous loading dose of doxycycline should be given prior to continuation of 100 mg
every 12 h. When parenteral therapy is used initially, it can be switched to oral
therapy as soon as the patient is able to reliably tolerate oral medications. It should
be noted that oral tetracyclines, including doxycycline, can induce or worsen nau-
sea. The usual course of treatment for those with RMSF is to continue for 3-5 days
after the resolution of fever. This typically results in a 7-day course.
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Chloramphenicol has long been considered an alternative treatment for RMSF,
but it does not seem as effective as drugs in the tetracycline class. Analysis of clini-
cal data from confirmed and probable cases of RMSF collected by the Centers for
Disease Control demonstrated a higher case fatality rate when patients were treated
with chloramphenicol compared to those treated with tetracyclines (7.6 % compared
to 1.5 % with an odds ratio of 5.5) (Holman et al. 2001). Although available in other
parts of the Americas, where RMSF is reported, in the U.S. chloramphenicol is
either not available (oral formulation) or difficult to obtain (parenteral formulation).
Although fluoroquinolones and macrolides have been used successfully with other
spotted fever group rickettsioses, there are no available clinical studies to support or
guide the use of other antimicrobial agents for RMSF. If faced with a history of
severe hypersensitivity to doxycycline, and considering the potential severity of
RMSEF, doxycycline desensitization should be considered. Doxycycline desensitiza-
tion protocols have been published, but their initiation requires close patient moni-
toring in the intensive care unit (Fernando and Hudson 2013; Stollings et al. 2014).
Fortunately, hypersensitivity reactions to doxycycline are infrequent.

4.2 Other Spotted Fever Group Rickettsioses

There are many spotted fever group rickettsioses distributed throughout the world.
Rickettsia conorii, the agent responsible for MSF, is the second most pathogenic
SFGR after R. rickettsii. Although most of the following discussion involves stud-
ies in patients with MSF, these same principles can be intuitively applied to other
SFG rickettsioses. As with infection from all the other pathogens discussed in this
chapter, doxycycline is the antibiotic of choice. Unlike other SFGR, prospective
studies have been performed in MSF comparing various antibiotic regimens. Short
courses of doxycycline therapy in those with milder forms of MSF appear effec-
tive. Adults treated with a single day of doxycycline (200 mg dosed twice on the
day of treatment) had similar outcomes to patients treated with 10 days of tetracy-
cline hydrochloride (Bella-Cueto et al. 1987). In children with MSF, continuing
doxycycline for 1 day after patients became afebrile had similar outcomes to those
treated with a 7-day course (Yagupsky et al. 1987). Similar to RMSF, chloram-
phenicol has long been considered an effective alternative, but the risks of poten-
tial adverse events must be weighed against the potential benefits. Fortunately,
alternatives exist for the treatment of infection with these other less virulent spot-
ted fever group organisms.

In patients with mild to moderate MSF, fluoroquinolones have been shown to be
effective. A 7-day course of ciprofloxacin (750 mg oral twice daily) was no different
than doxycycline in regard to duration of fever, but there were fewer gastrointestinal
complaints in the group that took ciprofloxacin (Ruiz Beltran and Herrero Herrero
1992b). None of the patients in this study had a severe form of MSF. Another
description of five patients treated with ciprofloxacin reported success in all but one.
The failure occurred in a man with acquired immunodeficiency syndrome who had



116 L.S. Blanton

a very severe form of MSF (Raoult et al. 1986). Although fluoroquinolones looked
to be an effective alternative in those with mild disease, there have been concerns
regarding worse disease outcomes in those with MSF who have received fluoroqui-
nolones (Botelho-Nevers et al. 2011). A proposed mechanism links the overexpres-
sion of a toxin-antitoxin system as demonstrated in cell culture experiments using
R. conorii (Botelho-Nevers et al. 2012).

In those with milder forms of MSF, the newer macrolides may be an alterna-
tive in pregnant women, children, or those unable to take doxycycline. Although
erythromycin has poor tolerability and has demonstrated disappointing results in
those with MSF (Munoz-Espin et al. 1986), other macrolides such as clarithro-
mycin and azithromycin appear effective for mild cases. In children, clarithro-
mycin has been compared to chloramphenicol and has a shorter time to
defervescence (Cascio et al. 2001). A 3-day course of azithromycin has been
compared to a 5-day course of doxycycline in children and appears as effective
(Meloni and Meloni 1996).

4.3 Typhus

The usual treatment of louse-borne epidemic typhus is doxycycline for 5-7 days.
One caveat to consider is the setting in which the patient is being treated. Since
typhus often occurs in large epidemics under conditions, which promote body louse
infestations, short courses of mass treatment have been proposed. In these situa-
tions, a single 200 mg dose of oral doxycycline has been attempted (Perine et al.
1974; Raoult et al. 1998), but relapses have been documented (Huys et al. 1973).
Therefore, such regimens should be used with great caution and should only be
considered when resources are extremely limited. Chloramphenicol, where avail-
able, is an alternative therapy.

4.4 Murine Typhus

Tetracyclines are the treatment of choice for murine (endemic) typhus. Their
successful use has been documented by a wealth of clinical experience that has
been summarized elsewhere (Dumler 2012). Chloramphenicol is an alternative,
but in a large retrospective analysis, it was associated with a longer time to
defervesce when compared to doxycycline (4.0 days for chloramphenicol com-
pared to 2.9 days for doxycycline). Murine typhus has also been successfully
treated with fluoroquinolones, such as ciprofloxacin, but time to defervesce is
even longer than the aforementioned antibiotics (4.2 days) (Gikas et al. 2004). It
should be noted that treatment failures have also been reported with the use of
fluoroquinolones (Laferl et al. 2002). The usual duration of treatment for murine
typhus is 7 days.
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4.5 Scrub Typhus

As with the organisms in the genus Rickettsia, there is overwhelming clinical expe-
rience supporting the use of tetracyclines for the treatment of infection with Orientia
tsutsugamushi. Short courses of doxycycline have been used with some success. A
single 200 mg dose of doxycycline was as effective as a 7-day course of tetracycline
hydrochloride in one study (Brown et al. 1978). In another multicenter study per-
formed in Korea, 3 days of doxycycline had similar outcomes to those treated with
7 days of tetracycline hydrochloride (Song et al. 1995). Because of reported relapses
using abbreviated courses of doxycycline, duration of therapy as similar to those
with RMSF should be used when possible. Chloramphenicol is an alternative treat-
ment for scrub typhus, but it is associated with a longer febrile period and higher
relapse rate as compared to patients treated with tetracyclines (Sheehy et al. 1973).
In northern Thailand, where there are reports of patients who have had poor response
to doxycycline (Watt et al. 1996, 1999), azithromycin has emerged as an alternative
(Panpanich and Garner 2002; Fang et al. 2012). Both a single 500 mg dose of
azithromycin and a 3-day dosing regimen have been shown to be as effective as a
week course of doxycycline (Kim et al. 2004; Phimda et al. 2007). A 7-day course
of rifampin has been studied in comparison to doxycycline with excellent results
(Watt et al. 2000). As mentioned above, O. tsutsugamushi is intrinsically resistant to
fluoroquinolones. They should not be used in scrub typhus (Tantibhedhyangkul
et al. 2010; Jang et al. 2013).

4.6 Human Monocytotropic Ehrlichiosis

Tetracyclines are the treatment of choice for HME and infection with other Ehrlichia
spp. Although no prospective clinical trials have been performed, case series show
efficacy. With the use of tetracyclines, fever usually abates within 2 days of initia-
tion (Fishbein et al. 1994). Early treatment with doxycycline has been associated
with fewer complications and shorter hospital stays (Hamburg et al. 2008). Agents
such as chloramphenicol, macrolides, and fluoroquinolones are not active and
should not be used (Brouqui and Raoult 1992; Maurin et al. 2001; Branger et al.
2004). Although there is little published experience with rifampin in HME, its
in vitro activity makes it an attractive alternative agent for HME during pregnancy.

4.7 Human Granulocytotropic Anaplasmosis

Treatment of HGA is similar to that of HME in that tetracyclines such as doxycy-
cline are the treatment of choice. Rifampin is an alternative agent in pregnant
women or children (see below). Chloramphenicol is not recommended.
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Although fluoroquinolones appear to have some in vitro activity, they are not rec-
ommended as a treatment option for HGA, as there is a lack of robust clinical
experience and a documented case of relapse in a patient taking levofloxacin
(Wormser et al. 2006).

5 Considerations in Childhood and Pregnancy

Tetracyclines are known to cause staining of permanent teeth in developing chil-
dren. Therefore, many fear the use of doxycycline in children with suspected rick-
ettsioses. Studies evaluating tooth shade in children who have taken courses of
doxycycline note no appreciable change in tooth color after short courses of the
drug (Grossman et al. 1971; Todd et al. 2015). Considering the morbidity and mor-
tality associated with R. rickettsii infection, the American Academy of Pediatrics
endorses the use of doxycycline in children suspected of having RMSF (“Rocky
Mountain spotted fever” 2015).

Tetracyclines have a number of effects that raise concern in the developing
fetus and child. Deposition of the drug in the fetal skeleton may result in a tem-
porary inhibition of bone growth (Cohlan et al. 1963), and the drug can also
cause discoloration of deciduous teeth in children whose mothers received tetra-
cyclines (Cohlan 1977). They have also been associated with maternal hepato-
toxicity and pancreatitis during pregnancy (Herbert et al. 1982). Chloramphenicol,
long considered the alternative for RMSF during pregnancy, has availability
issues in the United States (see above). It is also associated with gray baby syn-
drome, which is characterized by abdominal distention, pallor, cyanosis, and
vasomotor collapse. This is a concern, as transplacental concentrations of chlor-
amphenicol can be as high as 50 % of that in maternal blood (Ross et al. 1950).
These issues must be strongly considered when faced with a case of RMSF dur-
ing pregnancy. When chloramphenicol cannot be obtained, doxycycline may be
the only viable treatment option.

In children and pregnant women with less severe spotted fever group rickett-
sioses or murine typhus, when the risk for severe morbidity and mortality is
much less than that of RMSF, azithromycin seems to be a reasonable alternative
based onin vitrosusceptibilities and limited patientexperience. Fluoroquinolones
are generally contraindicated in these groups. Scrub typhus can be treated with
azithromycin (a regimen backed by clinical studies), but with the limited evi-
dence available, pregnancy and neonatal outcomes are still poor (McGready
et al. 2014). Although there is very little clinical experience with rifampin use
for HME and HGA, in vitro susceptibility data intuitively suggest that it would
be effective. There are a few published cases of children and pregnant women
who were successfully treated for HGA with rifampin (Buitrago et al. 1998;
Krause et al. 2003; Dhand et al. 2007).
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6 Prevention

Measures to prevent the aforementioned diseases are generally aimed at avoiding
contact with potential vectors. In respect to preventing spotted fever group rickett-
sioses, ehrlichiosis, and anaplasmosis, protective clothing such as long sleeves,
pants, and high socks should be worn to protect individuals from the bite of ticks.
Treatment of clothing with permethrin is effective at reducing the number of tick
bites (Miller et al. 2011; Vaughn et al. 2014). When in tick-infested areas, people
should perform frequent body checks for the presence of ticks. Attached ticks
should be promptly removed with forceps with care to remove the imbedded mouth-
parts. In areas where the brown dog tick (Rhipicephalus sanguineus) is responsible
for spotted fever group rickettsioses, treatment of yards and dogs with ascaricides is
beneficial in curbing the tick population (Drexler et al. 2014) and therefore may be
helpful for the prevention of disease transmission.

In the case of typhus group rickettsioses, hygiene and vector control play a major
role in disease prevention. During times of poor, overcrowded, and unhygienic con-
ditions (e.g., mass migration, war, natural disasters), body lice may proliferate and
ignite an epidemic of typhus. The washing of blankets and garments in hot water
will kill lice and their eggs. If this is not possible on a large scale, the mass treatment
of clothed individuals with permethrin by use of a compressed air duster is endorsed
by the World Health Organization (Darby et al. 1988; “Epidemic typhus risk in
Rwandan refugee camps” 1994). Murine typhus was controlled in the United States
after aggressive vector control programs using dichlorodiphenyltrichloroethane
affected the rat-flea population enough to break the cycle of transmission to humans
(Strandtmann and Eben 1953; Pratt 1958). Measures to control rat infestations have
also been beneficial in the control of murine typhus (Traub et al. 1978).

Prophylaxis for scrub typhus can be given to those who may be deployed or
traveling to an endemic area. A weekly 200 mg oral dose of doxycycline is effective,
but the regimen must be strictly followed, as failure to adhere will result in a loss of
efficacy (Olson et al. 1980; Twartz et al. 1982). Currently, there are no available
commercial vaccines for the prevention of infection caused by any of the organisms
belonging to the order Rickettsiales.

7 Summary

The key to treatment of infections caused by organisms in the order Rickettsiales is
clinical recognition. When a rickettsiosis is suspected, prompt empiric antibiotic
therapy should be initiated. Early treatment can quickly abate illness and prevent
severe complications. Tetracyclines are the drug class of choice for all these infec-
tions, with doxycycline being the preferred agent. Where available, chloramphenicol



120 L.S. Blanton

can be used for SFGR, TGR, and scrub typhus; the drug is not effective for ehrlichio-
sis and anaplasmosis. Other alternative agents are available, but their efficacy against
the different genera of this order is not as generalizable as that of tetracyclines.
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