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In this second part of our review of rickettsial infec-
tions, we discuss rickettsialpox, the typhus group, and
factors that make this disease class a possible agent of
bioterrorism.

Rickettsialpox

Epidemiology (Table 1)

Rickettsialpox is caused by the organism Rickettsia akari, a
small obligate intracellular bacteria with a cell wall sim-
ilar to that of gram-negative bacteria. It has the same
lipopolysaccharide antigens as others of the spotted fever
rickettsial group.’ The arthropod vector for rickettsial-
pox is Liponyssoides sanguineus, a bloodsucking mite that
feeds on rodents.” The house mouse, Mus musculus, is the
reservoir for rickettsialpox, and humans are infected only
if mice or other preferred hosts are not accessible. R.
akari is maintained by transovarial transmission in mites
so human transmission is not essential for the life cycle.

Clinical Manifestations

The disease starts with a primary skin lesion at the site of
inoculation by the mite and, after a usual incubation
period of 9-14 days, progresses into a febrile illness,
followed by a secondary papulovesicular eruption.” The
systemic symptoms are self-limited, usually resolving in
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1-2 weeks, and may be severe, but no fatalities have been
reported.”

The primary lesion is typically a solitary papule, may be
seen on any part of the body, and can appear as soon as
2448 hours after the bite.’ It can present with pruritus,’
tenderness,” erythema, and induration of 1.0-2.5 cm in
diameter, or be asymptomatic.” The papule transforms
into a vesicle with cloudy or opaque fluid, which then
ruptures and leaves a large area of induration that sur-
rounds an eschar (Fig. 1). Regional tender adenopathy is
frequently seen in the area draining the eschar, which re-
solves after approximately 4 weeks and can leave a small
scar.’

Systemic symptoms, usually including fever and mal-
aise, appear suddenly about 1 week after the primary le-
sion. Temperature can reach up to 106°F but usually peaks
between 101°F and 104°F° and gradually defervesces after
7 days.® Patients can also have chills that precede the fever,
followed by myalgias and drenching sweats. Other possi-
ble symptoms include anorexia, conjunctival injection,
cough, photophobia, rhinorrhea, sore throat, generalized
lymphadenopathy, nausea, or vomiting.’

The onset of the generalized cutaneous eruption
usually occurs about 48-72 hours after the general
symptoms begin but can follow several hours to 9 days
after the systemic symptoms. There may be 20-40
asymptomatic lesions measuring 0.2-1.0 cm and con-
sisting of erythematous macules, papules, and papulove-
sicles.? The rash may affect the face, trunk, and
extremities, including the palms and soles (Fig. 2 and 3).’
Characteristic lesions are round with a small central
vesicle or pustule, and some vesiculate and form a crust.
Scarring from these secondary lesions usually does not
occur.” Some patients may also develop an enanthema,
usually on the palate, which resembles the cutaneous le-
sions but lasts less than 48 hours.’

Diagnosis
Although there are no specific laboratory findings in
rickertsialpox, a common finding is mild leukopenia
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FIGURE 1 Eschar on posterior right calf of patient with rickett-
sialpox (see ref. 74). Available from http://www.cdc.gov/ncidod/
eid/vol8n07/01-0501.htm.

FIGURE 2 Multiple papulovesicles on the upper trunk of a pa-
tient with rickettsialpox (see ref. 74). Available from http://
www.cdc.gov/ncidod/eid/vol8no7/01-0501.htm.

ranging from 2400 to 4000 WBC/mm?, with a relative
lymphocytosis. There may be a slight increase in the
sedimentation rate, and proteinuria, which is secondary
to fever. Although blood cultures are negative, R. akari
from the blood of infected patients can be found after
intraperitoneal inoculation into susceptible mice.” Except
for one reported case in which the serum of a 33-year-old
man with rickettsialpox that showed a greater than
fourfold increase in the titers of Proteus OX-2 and OX-
19, the Weil-Felix test typically does not detect anti-
bodies to R. Akari.® However, serum antibodies can be
identified by complement fixation studies within 10 days
of the start of generalized symptoms, with titers peaking
after 3-4 weeks in untreated patients and after 6-8 weeks
in patients treated with antibiotics.’

The histopathology of the primary lesions, or eschars,
shows extensive inflammation and necrosis of the dermis
and subcutaneous tissue, while papulovesicles show
superficial edema and frank separation of the epider-
mal-dermal junction, which forms a subepidermal vesicle.
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FIGURE 3 Closer view of papulovesicular lesions on patient with
rickettsialpox (see ref. 74). Available from http://wvw.cdc.gov/
ncidod/eid/vol8no7/01-0501.htm.

s o

Perivascular infiltrate may be vasculitic or lymphohistio-
cytic, with fibrin in lumen and walls. ? Direct immuno-
fluorescence, using an anti-R. rickettsii globulin conjugated
with fluorescein isothiocyanate, was reported by Kass et
al.? to be positive in the eschars of five of seven patients but
in only one papulovesicular lesion nine patients, likely
because there is a higher number of organisms at the site of
inoculation.

The differential diagnosis includes infectious mono-
nucleosis, gonococcemia, echovirus (types 9 and 16),
coxsackievirus A (types 9 and 16), coxsackievirus B (type
5), and varicella.” Rickettsialpox most resembles varicella
but can be distinguished from it based on several factors:
Vesicles of varicella are on an erythematous base, whereas
those of rickettsialpox develop from papules; varicella
does not present with eschars and will show multinucle-
ate giant cells in a Tzanck smear while lesions of rick-
ettsialpox will not.

Treatment

The treatment of choice is doxycycline 100 mg po q12h
for 2-5 days.! Rickettsialpox also responds to chloram-
phenicol but its use is limited because of the self-limited
nature of the disease and the serious idiosyncratic reac-
tions to chloramphenicol. Treatment should be withheld
in pediatric patients unless the symptoms are severe,
when a 2-day course of doxycycline, which is brief and
unlikely to cause tooth and bone deposition, may be
used.” Finally, rodent control helps control outbreaks of
rickettsialpox.

The Typhus Group (Table 1)

Epidemic Typhus (Louse-Borne Typhus, Classic
Typhus, Sylvatic Typhus)

Epidemiology
Epidemic typhus is caused by Rickettsia prowazekii, which
is spread by the body louse (Pediculus humanus corporis).
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TABLE 1
Etiology and epidemiology of typhus group rickettsial disease
Geographic distribution Disease Organism Principal tick vectors
Africa, Americas, Asia Epidemic typhus Rickettsia prowazekii Pediculus homanus corporis
Worldwide Murine (endemic) typhus Rickettsia typhi Xenopsylla cheopis, Ctenocephalides felis

Asia, Australia Scrub typhus

Rickettsia (Orientic) tsutsugamushi

Leptotrombidium

FIGURE 4 Rose spots-like skin lesion on the trunk (day 4) (see
ref. 75). Available from http://www.cdc.gov/ncidod/eid/vol5-
no5/Niang.htm#Figure%203.

The life cycle begins when the body louse feeds on
patient infected by primary epidemic typhus or by
Brill-Zinsser disease, the recrudescent form of epidemic
typhus. The organism replicates in the alimentary tract of
the louse, begetting numerous progeny that wait for
defecation of the louse. When the louse takes a blood
meal, it defecates. When the host scratches the lesion, it
contaminates the wound with R. prowazekii-infected fe-
ces. Close personal contact or sharing of clothes is
required for person-to-person spread. Epidemic typhus is
typically transmitted in the cold winter months since
migration of populations and crowding allow prolifera-
tion of lice. Infected lice usually die within 1-3 weeks
from obstruction of the alimentary tract, and they do not
pass the rickettsia to their offspring.

The first epidemics caused by epidemic typhus hap-
pened in the late 15th century. It is estimated that be-
tween 1918 and 1922 in Eastern Europe 30 million cases
occurred leading to 3 million deaths.'® During World
War 1I, cases occurred in the concentration camps of
Eastern Europe and in North Africa. The most recent
epidemics have been reported in Africa, Central America,
and South America.

The last outbreak of epidemic typhus in the U.S.
occurred in 1922. Since then, most of the U.S. cases were
due to Brill-Zinsser disease in immigrants or concen-
tration camp survivors from Eastern Europe.'' Fleas or
lice from flying squirrels are the vectors of infection in
humans in the U.S. R. prowazekii was isolated from the

FIGURE 5 Diffuse petechial rash of epidemic typhus (day 7) (see
ref. 75). Available from http://www.cdc.gov/ncidod/eid/vol5-
no5/Niang.htm#Figure%203.

southern flying squirrel (Glaucomys volans) in 1975.'?
Most cases of epidemic typhus from the southeastern
U.S. have been associated with contact with flying
squirrels.'*'* Cases have been reported in Georgia,
Tennessee, North Carolina, Massachusetts, Pennsylva-
nia, Virginia, and West Virginia.ls

Clinical Manifestations
The typical course of epidemic typhus is 1-3 days of
malaise before myalgia, headeache, fevers, and chills set
in.'"® In a study of 60 Ethiopian patients with epidemic
typhus, all patients had headache and fever, 33% had a
petechial rash, and 5% had a macular erythematous
rash.'® Around the fifth day, the rash begins in the ax-
illary folds and upper trunk and spreads centrifugally to
the extremities and occasionally to the soft palate and
conjunctiva, but sparing the palms, soles, and face. This is
in contrast to the rash of RMSF, which starts in the
extremities and spreads centripetally. The epidemic ty-
phus rash appears at first as nonconfluent erythematous
macules that blanch on pressure (Fig. 4), but after several
days it becomes maculopapular and petechial (Fig. 5).
In uncomplicated epidemic typhus, fever usually re-
solves after 2 weeks of illness if untreated, but recovery of
strength usually takes 2-3 months. With appropriate
antibiotics, fever resolves with 72 hours of the initiation
of therapy. Headache resolves after 7 days of treatment.
Aside from headache, other neurologic symptoms range
from meningismus to coma.
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The complications include vasculitis-induced cerebral
thrombosis and gangrene, which affects symmetric fin-
gers and toes. Although treatment is medical in most
cases, severe gangrene may require amputation. Neuro-
logic deficits from cerebral thrombosis may take 2-4
weeks to resolve, but residual deficits are infrequent.
Mortality from epidemic typhus is variable, but highest
rate is those over 60 years old.

Diagnosis
For many years, the Weil-Felix agglutination reaction
was the standard for serologic diagnosis, but there is a
considerable cross-reactivity among the members of the
ricksettsiae and a lack of specificity.'” More sensitive tests
include the plate microagglutination and microimmu-
nofluorescence tests.'® Acute and convalescent serum can
be used to demonstrate a four-fold rise in specific anti-
body titers. Also, in the past it was difficult to differen-
tiate between R. prowazekii and R. #yphi because of
antigenic similarity; antibody absorption tests were re-
quired. However, now polymerase chain reaction
(PCR)can correctly detect R. prowazekii and differentiate
between the ricksettsiae.'® A real-time PCR duplex assay
has been recently developed that can distinguish R.
prowazekii from eight of the spotted group ricksettsiae, R.
typhi, and R. Canada."®

Laboratory abnormalities include increases in aspar-
tate aminotransferase and lactate dehydrogenase in most
patients and mild thrombocytopenia in about 40% of
patients. These abnormalities resolve with 14 days of
therapy. The white blood cell count is usually normal but
may be high in a few patients.

Treatment

As with the other rickettsial infections, the most highly
effective therapies are the tetracyclines and chloramphe-
nicol. Although doxycycline has been shown to be
effective in a single oral dose, the standard recommended
treatment is 200 mg once a day for 5 days.”?' If the
patient is too ill to take oral medication, the tetracyclines
and chloramphenicol can be given intravenously. Delo-
using the patient is also crucial to prevent the cycle of
reinfection.

Decreasing the population of the body louse by reg-
ular bathing, washing of infested clothes, and use of
insecticides are ways to prevent epidemic typhus. Even
after several washings, clothes should be treated with
permethrin to eliminate lice. Doxycycline prophylaxis
may offer some protection if taken in endemic areas and
may also interrupt a typhus outbreak.'®

Vaccine for R. prowazekii

In the 1970s, the first typhus vaccines were developed
using crude antigen or formalin-killed rickettsia and/or
killed R. Prowazekii.** Although they provided a limited
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level of protection, they were indicated only for those at
the highest risk of acquiring epidemic typhus, and they
had undesirable toxic reactions and difficulties in stan-
dardization.***?

Because of the obligate intracellular existence of the
rickettsial agents, a vaccine capable of eliciting a strong
cell-mediated immunity is critical. DNA vaccination
provides prolonged antigen expression, and immuniza-
tion with recombinant plasmid DNA, consisting of a
bacterial plasmid that includes the gene of interest, rep-
resents a hopeful method in DNA vaccine research,
especially in rickettsiology. Furthermore, inducing an
immune response to a single bacterial protein using a
genetic vaccine allows the opportunity to develop diag-
nostic tests that could distinguish immune individuals
from infected individuals and would aid in determining if
R. prowazekii was intentionally spread within the popu-
lation. A search for an effective vaccine against R. prow-
azekii is currently in progress. One laboratory has
amplified 24 target genes using PCR to be transferred
into DNA vaccine vectors, which will be tested in a rat
model.**

Brill-Zinsser Disease

Until the start of the 19th century, no clear distinction
could be made between typhoid and typhus. In 1896,
Nathan Brill noted sporadic cases of a typhoid-like
illness with negative blood cultures durinsg an epidemic
of typhoid fever in New York City.”> His clinical
summary of 221 cases distinguished the disease clearly
from typhoid.”® Since it was noncommunicable and
did not have a deadly course, he believed it was not
typhus.

In the early 1930s, Hans Zinsser used bacteriologic
and epidemiologic methods to show that Brill’s disease
was an imported form of classical typhus representing
recrudescence of infections initially acquired in Eur-
ope.””*® He believed that such a recurrence could pro-
duce a nidus for epidemic spread if the mouse-louse-man
cycle could take place. R. prowazekii was isolated subse-
quently from ill patients with Brill-Zinsser disease; and
these patients could infect lice feeding on them.?’
Brill-Zinsser disease was isolated from the lymph nodes
of two Russian immigrants who had come to the United
States more than 20 years earlier.’**!

It is believed that a weakening immune system or
stress may reactivate the infection.'” The clinical symp-
toms are usually milder than primary epidemic typhus
and more closely resemble the symptoms of murine ty-
phus.'® Brill-Zinsser patients have elevated IgG antibody
to R. prowazekii but do not have specific IgM antibody.
Therapy is the same as with primary epidemic typhus.

With the continuing outbreaks of epidemic typhus in
Russia and the immigration of eastern Europeans into
North America over the last few decades, cases of
Brill-Zinsser continue to be reported in the U.S.>%** and
Canada.**
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Murine Typhus (Endemic Typhus)

Epidemiology

R. typhi, an obligate intracellular bacterium, has been
found worldwide and in the U.S., where most cases are in
south Texas and southern California. These areas usually
have inadequate vector and reservoir control. R. typhi
causes murine typhus, also known as endemic typhus.
The peak prevalence of murine typhus occurs during the
summer and early fall, and in Texas, the peak prevalence
is April through June.*’

In 1926, R. typhi was discovered by Maxcy.”® It is a
zoonosis found most commonly in subtropical seaboard
and temperate regions and responsible for epidemics. R.
typhi causes a mild illness but occasionally it is fatal. R.
typhi has been isolated in cat fleas and infected individuals
with exposure to fleas.*® Murine typhus is spread by the
feces of infected fleas into the bite wounds of the flea. R.
typhi and R. felis share some genetic and antigenic com-
ponents present on the major protein antigen, the rick-
ettsial outer membrane protein B.*” However, genotypic
characterization of the gene for a 17-kDa lipoprotein
(citrate synthase) and 16S ribosomal RNNA differentiates
between these species.’’*®

Clinical Manifestations

The clinical symptoms of R. #yphi are nonspecific and
usually occur 1-2 weeks after exposure to infected fleas.
Symptoms may include fever (96%), headache (45%),
chills (44%), nausea (33%), myalgia (33%), rash
(18%-50%), and neurologic signs and symptoms
(1%—-45%).*> When a rash is identified, the appearance is
described as macular or maculopapular (78%), most often
distributed on the trunk (88%), with involvement of the
extremities (>45%) and infrequent involvement of the
palms and soles.’® The neurologic signs and symptoms
may include ataxia, confusion, seizures, or stupor. Ten
percent of infected patients require hospitalization and
up to 4% of these patients expire.’’

Diagnosis

The diagnosis of endemic typhus is based on clinical
suspicion and supporting serologic laboratory confirma-
tion. As with the other rickettsia species, serologic tests
used for diagnosis of R. #yphi based on its specific antigen
include latex agglutination, indirect florescent antibody,
or solids-phase immunoassay.’” These tests are sensitive
and specific within 1-2 weeks of onset of disease.’” A
shell vial assay can be used to verify infection during the
acute phase of illness. This assay is not widely obtainable
and is considered dangerous and difficult. Other tests
available for laboratory confirmation of rickettsial
infection include PCR amplification of rickettsial nucleic
acids in peripheral blood and immunomagnetic retrieval
of circulating endothelial cells together with immuno-
cytologic  demonstration of intraendothelial cell
involvement.
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Laboratory values may suggest involvement with
R. typi infection. Mild thrombocytopenia and leukopenia
are seen in 25%-50% of patients in the first 7 days
of illness. The most common laboratory abnormality
is an increased serum aspartate arninotransferase level
(90%-92%).*>*! Other hepatocellular enzymes (alanine
aminotransferase, alkaline phosphatase, and lactate
dehydrogenase) may be higher. Endothelial damage
caused by Rickettsia infections can lead to hypoalbumin-
emia and serum electrolyte abnormalities such as hypo-
calcemia (79%) and hyponatremia (60%).

Treatment

The first-line treatment of mild-to-moderate R. #yphi
infection is doxycycline (200 mg/day) or tetracycline 25
mg/kg/day).?! Other effective regimens are chloram-
phenicol (2 g/day for 7-10 days) or quinolones such as
ofloxacin (400 mg/day for 5-7 days) and ciprofloxacin
(1.5 g/day for 5-7 days).*>* In severe cases, intravenous
doxycycline or chloramephenicol (50-75 mg/kg/day in
four divided doses) is the preferred agent of treatment.
These regimens should be continued at least 4872 hours
after defervescence before switching to oral treatment.
After 72 hours of therapy, most patients become afebrile.

Scrub Typhus

Epidemiology

Scrub typhus, a febrile disease caused by Rickettsia (Ori-
entia) tsutsugamushi, is endemic to the area bounded on
the west by Pakistan, on the north by northern Japan and
southeastern Siberia, and on the south by Queensland,
Australia.** First described in 1899, it was responsible for
much morbidity in U.S. troops in World War II and the
Vietnam War. The main reservoir of the organism and
the vector for transmission of the infection to humans is
chiggers of the species Leptotrombidium (Trombicula)
akamushi and L. deliense, or larval trorniculid mites, which
inhabit rural habitats like tall grasslands, scrub forests, or
plantations.

Clinical Manifestations

R. tsutsugamushi, an obligate intracellular organism, is
different from other rickettsia species because of its lack
of peptidoglycan and lipopolysaccharide and its distinc-
tive antigenic variants,” but there is enough cross-reac-
tivity with antigens from other rickettsia such that
serologic diagnosis can be made with the indirect fluo-
rescent antibody test.***** The disease is more widespread
after periods of heavy rainfall when mites proliferate. As
the infected chigger feeds on a human host, R. tsutsuga-
mushi is inoculated and then multiplies at the wound,
forming a painless small papule after approximately 2
days. The papule enlarges, vesiculates, then necroses in
the center, forming a black crust, or eschar* (Fig. 6), and
is associated with tender or suppurative regional ade-
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FIGURE 6 Eschar on the breast of patient with scrub typhus
during an outbreak on Darnley Island, Torres Strait (see ref.
76). Available from www.cdc.gov/ncidod/eid/vol9no4/images/
02-0509_1b.jpg

nopathy. The rickettsia disseminate and cause vasculitis
and perivasculitis of small blood vessels in multiple or-
gans, particularly affecting the central nervous system
and causing deafness, meningitis, and encephalitis.*” Tt
can also damage the liver, lungs, and kidneys. Because
there are different infecting strains of R. ssutsugamushi,
the severity of illness can vary with the strain’s viru-
lence,* and the mortality rate of untreated patients can
range from 1% to 60%.

The incubation period for the disease is 6-18 days,
and the presenting symptoms commonly include head-
ache, fever up to 105°F, and chills. Patients can also have
cough, myalgia, nausea, and anorexia.*® The usual
physical findings are generalized lymphadenopathy
(85%), eschar (46%) most often in the calf area but also
found in the axilla, groin, and inguinal area, spleno-
megaly (43%), and maculopapular rash (34%) that ap-
pears at day 3-8 of the febrile illness and persists for an
average of 4.2 days. Some patients can also have deafness
and tinnitus (in up to one third of cases), and conjunctival
infection.**

The rash usually begins with macular lesions on the
trunk that extend centripetally and can then become
papular. Neuropsychiatric symptoms are common,
including confusion, delirium, nuchal rigidity, and slur-
red speech; 9 of 72 patients presented with encephalitis or
meningitis in one report.”’” CSF studies show results that
resemble a tuberculous or viral meningitis picture.*’

Treatment with appropriate antibiotics reduces the
duration of illness and the risk of death.*® Fever resolves
after 48 hours in treated patients, while before antibiotics
fever usually persisted an average of 14 days and up to
half of patients died.* Patients that are untreated also can
suffer complications such as acute respiratory distress
syndrome, ataxia, coma, renal failure, hyperbilirubin-
emia, blindness, deafness, and cognitive defects. ™
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Diagnosis

Scrub typhus must be considered in febrile patients who
have traveled, in endemic areas. Some patients may not
have the classic rash and eschar but have lymphocytosis
and generalized adenopathy that may confuse the diag-
nosis with infectious mononucleosis.*® While serologic
confirmation of the diagnosis is pending, therapy should
be started empirically.

The diagnosis of scrub typhus can be made through
multiple serologic methods. The indirect fluorescent
antibody test is more sensitive and specific than the more
widely available Weil-Felix agglutination test,” and a
peak in antibody titer after the second week of disease is
seen. With the immunoperoxidase assay, which is easier
to perform than the indirect fluorescent antibody test and
just as sensitive and specific,”’* a fourfold increase in
convalescent titers verifies the diagnosis of scrub typhus.
Polymerase chain reaction can also be used to detect the
DNA of R. tsutsugamushi from skin biopsy specimens and
peripheral blood.”® The gold standard for diagnosing
scrub typhus is the immunofluorescent antibody assay,
but it requires specialized training and equipment and is
done in only a few reference laboratories. Thus, a sen-
sitive, rapid lateral flow assay that identifies Orientia
tsutsugamushi-specific IgG/IgM antibodies is being
developed.”!

Patients typically have a normal white blood cell
count, with lymphocytosis in the majority of cases. About
half of the patients have elevated aspartate aminotrans-
ferase and 20% have proteinuria.*®

Other diagnoses that must be considered include
other rickettsial diseases, typhoid fever, brucellosis,
infectious mononucleosis, leptospirosis, toxoplasmosis,
and dengue fever.*

Treatment

Appropriate antibiotic therapy is either tetracyclines or
chloramphenicol. Tetracyclines were found to reduce
fever and other symptoms more quickly in one compar-
ative study.’” Fourteen days of tetracycline 2 mg/day or
doxycycline 200 mg/day, the recommended course of
treatment,”® is also effective at reducing relapses of scrub
typhus, which are more common if patients are started on
shorter courses of therapy during the first five days of the
illness.’* Ciprofloxacin was found in an animal model to
be as effective as chloramphenicol,’* and it successfully
treated a patient in one case report.”

Infection with a particular strain of R. tsutsusamushi
provides immunity to that strain only; patients can have
later episodes of scrub typhus if exposed to a heterolo-
gous serotype.*® Because of the multiple antigenic strains
of R. tsutsugamushi, a prophylactic vaccine for scrub ty-
phus has not been developed. Individuals that will travel
in endemic areas can prevent scrub typhus by taking
doxycycline 200 mg/week,’*® using insect and mite
repellent, and refraining from sitting or lying on the
ground.
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Rickettsial Infections and Bioterrorism

In 1996, a law was enacted in the United States to thwart
terrorists from gaining access to dangerous infectious
agents.”” R. priwazekii and R. rickettsii, along with 10
other bacteria, were listed as hazardous agents with se-
vere restrictions on their study and transfer to other
laboratories. A committee with expertise in infectious
diseases, microbiology, and public health gathered to
categorize infectious diseases into levels of potential
threats of bioterrorism.’® CDC category A was consid-
ered the most dangerous group; R. prowazekii was placed
in category B, and R. rickettsii was placed in category
C.°”% However, it has been argued that R. prowazekii
belongs in category A and that R. typhi and R. rickettsii
also belong in category A, or at least in category B.”’

There is a real threat of the rickettsiae being used as
bioweapons. In the 1930s the USSR developed R. prow-
azekii as a biologic weapon, and in the late 1930s to 1940s
Japan carried out field and human testing of typhus as a
biologic weapon in northeastern China.’"*®* Further, R.
prowazekii was the subject of active bioweapon research in
the USSR during the 1970s and afterward.

There are several characteristics of potential biologic
agents used for terrorism: high and stable infectivity,
especially by small-particle aerosol; high level of viru-
lence; low minimum infectious dose; clinical similarity of
the bioterrorism agent to more common diseases; diffi-
culty in distinguishing between bioterrorism and natural
transmission; low level of immunity in the target popu-
lation; easy person-to-person communicability; the
diagnosis strikes terror in the population; and difficulty of
therapy.’”

R. prowazekii in dried louse feces and R. #yphi in dried
flea feces are highly infectious and stable for long periods
of time.**** Furthermore, aerosols containing R. prow-
azekii, R. typhi, R. conori, and R. rickettsii have resulted
many laboratory infections.®>*®® Rickettsia can also be
preserved stably in a lyophilized state, milled to 1-5-pm
particles, and treated to prevent electrostatic clumping
for aerosol dispersal. The minimum infectious dose
(IDsy) for some pathogenic rickettsiae is only one or two
organisms.

Similar to the severe viral hemorrhagic fevers, epi-
demic typhus (10%-60% mortality) and Rocky Mountain
spotted fever (20%—15% mortality) are among the most
severe infectious diseases in humans. R. conorii and R.
typhi may cause life-threatening illness in special popu-
lations (e.g., elderly, those with G6PD deficiency, which
is common in African-American men).®*-’° Since the
National Institutes of Health has stated that no popula-
tion will be left behind, these special populations are at an
increased risk of bioterrorism and should be observed
closely.

The clinical manifestations of the rickettsial diseases
may resemble other more common diseases, leading to
delayed accurate diagnosis and therapy. Furthermore,
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with the exception of R. prowazekii, the enzootic nature
of many rickettsial diseases obscures the distinction
between an act of bioterrorism and natural transmis-
sion. Since rickettsial diseases are endemic in numerous
areas of the world, identification of the infectious
source would be difficult. However, the unexpected
occurrence of a few human cases of typhus in nonen-
demic areas or an epidemic should set off the alarm for
bioterrorism.

In developed countries there is a very low level of
immunity to all rickettsial diseases. Very high levels of
susceptibility exist in these nations, and a high attack rate
would be anticipated in populations exposed to an
infectious aerosol. However, with the exception of R.
prowazekii, these diseases are not transmissible from
person to person. The introduction of R. prowazekii to an
indigent population infested with human body lice
(Pediculus bumanus corporis) could result in overwhelming
spread.

The level of fear generated by a particular infectious
disease depends more upon media presentation and
public perception rather than on scientific truth. Media
hype regarding September 11, 2001, anthrax, and the
subsequent tainted mailings created great terror of the
disease. The panic over ebola and other hemorrhagic
fevers was depicted in several recent movies. Nonethe-
less, anthrax and the hemorrhagic fevers are not very
communicable. The name of the disease itself may instill
alarm in the public [such as monkeypox, West Nile dis-
ease, severe acute respiratory syndrome (SARS), small-
pox, and plague], but several diseases are virtually
unheard of (such as brucellosis, tularemia, and leish-
maniasis). It is likely that an epidemic of any of the
rickettsial diseases would not cause mass terror even
though they have the potential for exceptionally high
morbidity and mortality.

Successful therapy of the rickettsial diseases is
dependent upon a quick and accurate diagnosis and use of
an antimicrobial agent to which the Rickettsia is suscep-
tible. Even now, patients with Rocky Mountain spotted
fever or epidemic typhus are misdiagnosed and treated
with an empiric antibiotic that is not rickettsiostatic or
rickettsiocidal.”'="* Popular, empiric, first-line drugs
against febrile illnesses (e.g., f-lactams and aminoglyco-
sides) have no effect on rickettsial diseases. There is no
evidence that fluoroquinolones, rifampin, and the newer
macrolides are effective against Rocky Mountain spotted
fever and epidemic typhus.

It would be relatively simple in theory for any bio-
terror lab to transform any Rickettsin to be resistant to
chloramphenicol and tetracyclines by electroporation of
resistance genes and selection of transformants under
antimicrobial pressure. Regrettably, it is likely that this
has already been done somewhere in the world. It is
thought that a tetracycline-resistant strain of R. prow-
azekii has already been developed in the USSR.’” This
leads to the possibility that R. prowazekii bioweapon has
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been already developed that is resistant to all antimicro-
bial therapy.

The most hazardous of the genus is R. prowazekii,
followed by R. rickettsii and R. typhi. Except for no person-
to-person communicability, R. prowazekii engineered to
antimicrobial resistance meets all of the criteria of the
most dangerous infectious diseases. However, the needs
for biodefense against rickettsial infections are the same as
the needs for public health measures against these diseases
throughout the world. The most urgently required
innovations would be acute and effective diagnostics and
therapies for typhus group and spotted fever group rick-
ettsioses and a cross-protective typhus group vaccine.

Conclusion

The Rickettsiaceae family is very prevalent and main-
tained in nature through reservoirs of mammals and
arthropod vectors. This family of microbes is a significant
cause of morbidity and mortality, and these infections are
likely unrecognized and underdiagnosed. The impact of
the Rickettsiaceae family on global public health is likely
extremely significant. Numerous rickettsial strains have
been isolated from fleas, ticks, and other vectors from
many countries, and it is likely that many other strains
will be identified in the future. Prevention methods are
crucial in controlling flea and tick vectors and potential
flea hosts, especially in persons who spend extended
periods of time outdoors or work with animals (e.g.,
hunters, farmers, veterinarians, forestry work, military
training). Local public health authorities should be
notified in all rickettsial cases. Current effective therapies
include the tetracyclines, chloramphenicol, and quinol-
ones. Unfortunately, no vaccine of proven effectiveness
exists currently, but once infected by natural transmis-
sion, recovery will confer a solid, long-lasting immunity
to reinfection.

CME Questions

1. Which of the following is the etiologic agent of
Boutonneuse fever?

a. R. australis
b. R. conorii
c. R. sibirica
d. R rickettsii
e. R. akari

2. Which of the following is an effective therapy against
Rocky Mountain spotted fever?

a. Aminoglycosides

b. Erythromycin

c. Trimethoprim-sulfamethoxazole
d. Doxycycline
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e. Cephalosporins

. All of the following are caused by Rickettsia prowazekii

EXCEPT:

a. Brill-Zinsser disease
b. Epidemic typhus

¢. Murine typhus

d. Classic typhus

. All of the following are characteristics of potential

biologic agents used for terrorism EXCEPT:

a. High level of immunity in the target population

b. Clinical similarity of the bioterrorism agent to
more common diseases

c. High level of virulence

d. Low minimum infectious dose

e. High and stable infectivity

. In which of the following diseases can a patient’s

temperature reach up to 106°F?

a. Scrub typhus

b. Oriental spotted fever

c. Epidemic typhus

d. Rocky Mountain spotted fever
e. Rickettsialpox

. R. prowazekii can be found on all of these continents

EXCEPT:

a. Australia

b. North America
c. South America
d. Asia

e. Africa

. A tacke noire, an eschar at the site of the bite, is very

suggestive of which of the following?

a. Scrub typhus

b. Boutonneuse fever

c. Rickettsialpox

d. Oriental spotted fever
e. Murine typhus

. All of these rickettsiae are considered to be potential

agents used in bioterrorism EXCEPT:

a. R. prowazekii

b. R. typhi

c. R. rickettsii

d. R. tsutsugamushi

. All of the following are effective treatments for

Queensland tick typhus EXCEPT:

a. Rifampin

b. Chloramphenicol
c. Ofloxacin

d. Ciprofloxacin

e. Tetracycline



7.7 Wu et al.

10. Which of the following is the animal vector of

11.

12.

13.

14.

15.

16.

R. prowazekii?

a. Rabbit

b. Mouse

c. Groundhog

d. Raccoon

e. Flying squirrel

Which of the following is a known rickettsial viru-
lence factor?

a. Cell wall

b. Cilia

c. Adhesins

d. Iron binding
e. Flagella

Which of the following is primarily spread by the
feces of infected fleas?

a. Rocky Mountain spotted fever
b. Murine typhus

c. Boutonneuse fever

d. North Asian tick typhus

e. Scrub typhus

In the United States, which population is the most
likely to be affected by Brill-Zinsser disease?

a. Infants

b. Farmers

c. Homosexual men

d. Post-menopausal women

e. Eastern Europeans immigrants

Which of the following is the etioiogic agent of scrub
typhus?

a. R. prowazekii

b. R. australis

c. R. japonica

d. R. tsutsugamushi
e. R. typhi

Which of the following is another name for Brazilian
spotted fever?

a. Boutonneuse fever

b. Classic sported fever

c. Queensland spotted fever

d. Oriental spotted fever

e. Rocky mountain spotted fever

Into which category of potential use in bioterrorism
did the CDC place R. prowazekii?

o a0 o
KOO w»>
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17. R. sibirica is the etiologic agent for which of the

18.

19.

20.

21.

22.

23.

following?

a. North Asian tick typhus
b. Queensland tick typhus
c. Epidemic typhus

d. Scrub typhus

e. Endemic typhus

R. akari is the etiologic agent for which of the fol-
lowing?

a. Rocky Mountain spotted fever
b. Epidemic typhus

c. Rickettsialpox

d. Scrub typhus

e. Queensland tick typhus

Which of the following is the etiologic agent of
Queensland tick typhus?

a. R. sibirica

b. R. japonica
¢. R. australis
d. R. rickettsii
e. R. prowazekii

Into which category of potential use in bioterrorism
did the CDC place R. rickettsii?

o oo ow
<o 0w

Epidemic typhus is typically transmitted in which
season, of the year?

a. Spring
b. Summer
c. Fall

d. Winter

Leptotrombidium is the primary tick vector for which
of the following?

a. Rickettsialpox

b. Epidemic typhus

c. Rocky Mountain spotted fever
d. Scrub typhus

e. Endemic typhus

Ixodes holocyclus is the primary tick vector for which of
the following?

a. Boutonneuse fever

b. Queensland tick typhus
c. North Asian tick typhus
d. Murine typhus

e. Sylvatic typhus
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24.

25.

26.

27.

28.

29.

30.
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All of the following are symptoms of the classic triad
for Rocky Mountain spotted fever EXCEPT:

a. Fever

b. Headache

c. Nausea/vomiting
d. Rash

All of the following may decrease the risk of an
outbreak of epidemic typhus EXCEPT:

a. Use of insecticides
b. Doxycycline prophylaxis
c. Washing of infested clothes

d. Drinking herbal tea
e. Regular bathing

Which of the following is the etiologic agent of
murine typhus?

a. R. typhi

b. R. tsutsugamushi
c. R. rickettsii

d. R. japonica

e. R. akari

Which of the following is the primary insect vector
for Oriental spotted fever?

a. Pediculus homanus corporis

b. Ctenocephalides felis

c. Dermacentor

d. Haemaphysalis

e. It has yet to be determined.

R. prowazekii is the etiologic agent for which of the
following?

a. South African tick fever
b. Siberian tick typhus

c. Sylvatic typhus

d. Endemic typhus

e. Kenya tick typhus

Approximately what percent of patients with Rocky
Mountain spotted fever do not have a rash?

. 5%

b. 10%
c. 15%
d. 20%
e. 30%

All of the following are populations in which Rocky
Mountain “spotless” fever are more likely to occur
EXCEPT:

a. African—-Americans
b. Immigrants

c. Men

d. Elderly patients

CME Answers
1.b;2.d;3.¢;4.2;5.¢;6.2;7.b;8.d;9.2;10.¢; 11. ¢

12.b;13.¢e;14.d; 15.€;16.b; 17. a; 18.¢; 19. ¢; 20. ¢; 21.d;

22.d; 23. b; 24. ¢; 25. d; 26. a; 27. €; 28. ¢; 29. b; 30. b;
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