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Abstract

Rocky Mountain spotted fever is a severe infectiansed by Rickettsia rickettsii transmitted to rbgnvarious
species of ticks in the United States sincel920’s. The 60F0% of patients with the disease reports a his
of tick bite or exposure to ticinfested areas. There are two major vectors ofdRettsii in the United State
the American dog tick and the Rocky Mountain wagH.tThe symptoms of RSF is characterized by a sudc
onset of moderate to high fever, severe headaaligué, deep muscle pain, chills and rash. Eadgmlbsis o
RMSF is critical, since untreated infection may smurreversible dam-age to the central nervous
cardiovasular systems. Diagnostic confirmation relied onokmgic testing, by culture preparation, immi
histochemical methods and by PCR and sequencingoa&t Treatment involves careful removal of thé
from the skin and antibiotics to get rid of theddion. Doxycycline or tetracycline is the drugs dfoice for
both confirmed and suspected cases. Chloramphesiatso the drug of choice for children less teaght year:
of age. This review concerns with the detail infatimn of Rocky Mountain spoid fever. All cases of Rock
Mountain spotted fever must be reported to the &@srfor Disease Control (CD¢
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1. Introduction
Rocky Mountainspotted fever is a most let* and fulminartt severe infection caused by Rickettsia ricke
transmitted to man by various species of ticks.h-incidence areas exist in the southeast and southat&nited
States. Only 60/0% of patients with theisease report a history of tick bite or exposuréitk-infested areas.
Some synonyms for Rocky Mountain spotted fever thep countries includetick typhus,” “Tobia fever”
(Colombia), “Sao Paulo feveor “febre maculosa”Brazil), and “fiebre manchadaMgxica). It is distinct from the
viral tick-borne infectionColorado ick fever. The name Rocky Mountain spotted fever is somewhatmisnomer
Beginning in the 1930s, it became clear that tigsabke occurred in many areas of the United Stdibes than th
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Rocky Mountain region. It is now recognized thasthisease is broadly distributed throughout theticental
United States, as well as southern Canada, Cehinarica, Mexico, and parts of South America. Betwd 981
and 1996, this disease was reported from everydtiafe except Hawaii, Vermont, Maine and Alaska.

Rocky Mountain spotted fever has become increagioginmon in certain areas of Arizona over the asteral
years. Between 2003 and 2012 over 250 cases afatdliies occurred. RMSF can be rapidly fatal @t treated
within the first 5 days of symptoms. Before tetr@oye antibiotics were available, case fatalityegatanged from
20-80%:Rocky Mountain spotted fever remains a seriouspotdntially life-threatening infectious diseaseapd
In the pre-antibiotic era, 20-25% of previously ltileg infected persons died of the illness. Todayen with
antimicrobial agents that are highly effective,®-6f persons die mainly because of late or mis+thagd infection
and delayed or ineffective antimicrobial treatm@&fore the discovery of tetracycline and chloramrmi¢@ in the
late 1940s, as many as 30% of individuals infectgd R. rickettsiidied.

In humansRickettsia rickettsilive and multiply primarily within cells that linemall- to medium-sized blood
vessels. Spotted fever group rickettsiae can grothieé nucleus or in the cytoplasm of the host €tice inside the
host the rickettsiae multiply, resulting in damagel death of these cells. This causes blood to tleakigh tiny
holes in vessel walls into adjacent tissues. Thixgss causes the rash that is traditionally astatiwith Rocky
Mountain spotted fever and causes damage to oayathsissues. The disease is causeRiblettsia rickettsiiand
the bacteria are spread to humans by ixodid (h&ckl. The onset of disease follows an infectivie by a week
(range 2-14 days), beginning with fever, severalhelae, and muscle pain, followed by developmentsh. The
dise%se can be difficult to diagnose in the eatdges, and without prompt and appropriate treatpiewcan be
fatal:
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Figure 1. The causative agent of Rocky Mountain spied fever: Gimenez stain of tickhemolymph cells
infected with R. rickettsii.

The reasons are that up to 40% of patients are ameaof a tick bite, which is painless and may goatited or be
forgotten, and that the rash does not usually apy@d 3-5 days after onset of illness.
History:
First recognized in 1896 in the Snake River Vabéydaho, this disease was originally called "blac&asles" due
to its characteristic rash appearance. Howard dke®is was first in identifying the infectious ormgsm of the cause
of the disease. He and his colleagues also idedtifard ticks as the vectors. A bit of a misnorRecky Mountain
spotted fever is now known to be spread throughioeitcontinental U.S., as well as Canada, Centratria,
Mexico, a;d parts of South America. It has thusnbeported in every U.S. state except Hawaii, Varmbiaine,
and Alaska.

In the late 1808, Edward E. Maxey provided the first clinical dgstion of what was initially named, “spotted
fever of Idaho” based on the unique clinical préston of a continuously moderate to high feverhwé
characteristic red, spotted (petechial) rash thet & centripetal or inward pattern of spread béginmt the
extremities, moving toward the truhlind does not usually appear until at least 6 dégs the onset of symptoms.
Maxey's description became the first report of RM®Fbe published in medical literatdtén response to this
health problem, the U.S. Public Health Service &imiversity of Chicago pathologist Dr. Howard T cRetts to the
Bitterroot Valley of Montana, one of the diseasdspots. In 1906 Dr. Ricketts showed that the diseaas
transmitted by the bite of the Rocky Mountain wdiadk. This species is supported in nature by a dempycle
involving ticks and mammals. Human beings are a®red to be accidental hosts, and they are notvedan the
natural transmission cycle of this pathogen. Thekvad Dr. Ricketts laid the foundation for whatdatbecame the
Rocky Mountain Laboratories (RML) in Hamilton, Mamia. Today, dozens of scientists continue to sticligorne
and other diseases at RML, which is part of NIATDough U.S. healthcare providers typically repdadu 250 to
1,200 cases of RMSF each year to the Centers feeade Control and Prevention, a record 2,563 cases
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reported in 2008.Dr. Ricketts died of typhus (another rickettsiakatise) in Mexico in 1910, shortly after
completing his remarkable studies on Rocky Mounsgiotted fever. Prior to 1922, Doctors McCray anclOlhtic
both died while doing research on Rocky Mountaiottgal fever. Also did an aide of Noguchi's at theclkefeller
Institute. McCalla and Brerton also did early reshanto Rocky Mountain spotted fever.

Research began in 1922 in western Montana in ttierBiot Valley around Hamilton, Montana, after the
Governor's daughter and his son-in-law died of feheer. Past Assistant Surgeon R.R. Spencer of ygieHic
Laboratory of the U.S. Public Health Service wadeoed to the region, and he led a research team abandoned
schoolhouse through about 1924. Spencer's cruaiaivhs on May 19, 1924, when he put a large doseashed
wood ticks from lot 2351B and some weak carbolii @imto his arm by injection. This vaccine work&é8pencer
was assisted by R. R. Parker, Bill Gettinger, He@gwan, Henry Greenup, Elmer Greenup, Gene Hughes,
Salsbury, and Kerlee, et al. Gettinger, Cowan aedéd¢ all died of Rocky Mountain Spotted Fever dgrthe
research efforts. Much of the early research waslacted at Rocky Mountain Laboratories (part of Nagional
Institute of Allergy and Infectious Diseases), whis the source of the name of the condifion.

Tick-Borne Rickettsiae

There are two major vectors of R. rickettsii in teited States, the American dog tick and the Radiogntain
wood tick. The American dog tick (Dermacentor vhilig) is widely distributed east of the Rocky Maaims and
also occurs in limited areas along the Pacific €dasgs and medium-sized mammals are the prefdrosts of
adult D. variabilis, although it feeds on otheglamammals, including humans. Two species founthtions south
of the U.S., the brown dog tick (Rhipicephalus sangus) and the Amblyomma cajennense tick, also tneangmit
the disease. The illness usually develops betwigerahd 10 days after the victim is bitten.

American Dog Tick
{Darmacentar variabilfs)

5'\.'* b

Figure 3. App?oxirhate distribufion of the American dog tick. (CDC)

The Rocky Mountain wood tick (Dermacentor andersmiiound in the Rocky Mountain states and in baugistern
Canada. Adult ticks feed primarily on large mammals
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Racky Mountain
Wood Tick
[(Dermacentor andersani]

&

Figure 5. Approximte distribution of the Rocky Mountain WC;Od tick (CDC)

Other tick species have been shown to be natuirgiégted with R. rickettsii, but these species likely to play
only a minor role in the ecology of R. ricke Dogsdapeople become infected with Rickettsia ricketigien
feeding ticks inoculate rickettsial organisms. Catsy be seropositive but are not known to develamcally
apparent disease.Transmission is generally thaoghtcur 5 to 20 hours after tick attachment. Tiuls is the most
commonly identified species responsible for tramting R. rickettsiito humans. Rocky Mountain wood ticks
(Dermacentor andersopare found in the Rocky Mountain states and irtlseastern Canada. There are only 800
cases of Rocky Mountain Spotted Fever reportetiéniinited States per year, and in only about 20gpercan the
tick be found:®**

2. Statistics and Epidemiology

Epidemiology

Rocky Mountain spotted fever (RMSF) has been artapte disease in the United States since the $9ZIDC
compiles the number of cases reported by statehhdapartments. The incidence of RMSF (the numib&MSF
cases for every million persons) has increasechdutie last decade, from less than 2 cases paompgkrsons in
2000 to over 6 cases per million in 2010. During $ame time period, the proportion of RMSF casssltiag in
death (case fatality) has declined to a low of thas 0.5%.
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Figure 6. Reported incidence and case fatality of RSF in the U.S., 1920-2010
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Cases of RMSF have been recorded from the 192@sighrpresent day. Trends in RMSF incidence can be
observed as ebbs and flows of several years atea Beriods of increased incidence can be seerebrtt930 and
1950 and 1968 through 1990. More recently there been a more dramatic increase in incidence of RMSF
increasing from 1.9 cases per million persons i@02td an all-time high of 8.4 cases per milliongmars in 2008.
Case fatality rate was first reported in 1940. ksteates vary from year-to-year, but have hadsaerall decreasing
trend from 28% case fatality in 1944 to <1% cagality beginning in 20032 Number of U.S. annual RMSF cases
reported to CDC 1993-2010 is shown in Figure 7. Gtaph displays the number of human cases of RMSEsc
reported to CDC annually from 1993 through 2010e fbmbers of cases of RMSF reported to CDC haverghyn
increased annually from 345 cases in 1993, to 2358s reported in 2008. Cases decreased signlificar009 to
1791 cases and increased slightly in 2010.
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Figure 7. Number of U.S. RMSF cases reported to CD1993-2010

Geography

The disease is more common in the eastern, soutainwestern states. RMSF cases have been reported
throughout most of the contiguous United States$,cpmfirmed cases reported in five states (Northolbza,
Oklahoma, Arkansas, Tennessee, and Missouri) atdourover 60% of RMSF cases. The primary tick that
transmitsR. rickettsiiin these states is the American dog tiDkimacentor variabilis Dermacentor anderspiin
eastern Arizona, RMSF cases have recently beetifiddnn an area where the disease had not besviqusly
seen. Between 2003 and 2010, roughly 140 caseshéen reported, and approximately 10% of the people
diagnosed with the disease in this part of theedtatve died. The tick responsible for transmissifoR. rickettiiin
Arizona is the brown dog tickRhipicephalus sanguineyswvhich is found on dogs and around people’s homes
Almost all of the cases occurred within communitiéth a large number of free-roaming dd§s?

cases per million

EZZ nn [Jo
[o0.2-1.5 [N 1.5-19
I 19-63

Figure 8: Annual reported incidence (per million pgulations) for RMSF in the United States for 2010(NN=
Not notifiable)
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This figure shows the annual reported incidend@MEF cases by state in 2010 per million personsSRMas not
notifiable in Alaska and Hawaii in 2010. The inaite rate was zero for Connecticut, Kansas, Massattsy
Nevada, South Dakota, Vermont and West Virginigidence ranged between 0.2 to 1.5 cases per mpkosons
for California, Colorado, Florida, Kentucky, Lowasia, Michigan, Minnesota, New Hampshire, New MexNorth
Dakota, Ohio, Oregon, Pennsylvania, Texas, Utatshiigton and Wisconsin. Annual incidence rangethfio5 to
19 cases per million persons in Alabama, Arizoha,District of Columbia, Georgia, Idaho, lllinolediana, lowa,
Maine, Maryland, Mississippi, Montana, NebraskawNiersey, New York, Rhode Island, South CarolinagiXia
and Wyoming. The highest incidence rates, rangiognfl9 to 63 cases per million persons were foardrkansas,
Delaware, Missouri, North Carolina, Oklahoma, ammhifesse&’

Seasonality

Cases of RMSF can occur during any month of the, yes the majority of reported cases have ansbnenset
during the summer months and a peak in cases tiypazurs in the months of June and Jtigeasonality may
vary by region of the country due to variationgeémperatures and climates throughout the U.S. laagitimary
tick vectors involved. In Arizona, where transmissiis associated with the brown dog tick, peak merdf
illness onset are April through October.

20

151
104 I
_-II III-

x

S’ Qe \.'b )

Percent of RUSF Cases Reported

3 & S R
< .9) b e oc -@0 0“"
Month oT Onset

Figure 9. Proportion of RMSF cases reported to CD®y month of onset 1993 through 2010

Over 90% of patients with Rocky Mountain spottedefeare infected during April through SeptemberisTgeriod
is the season for increased numberadafit anchymphal Dermacentor ticks.

Persons at Risk:

The frequency of reported cases of Rocky Mountpitted fever is highest among males, American hsjiand
people at least 40 years old. Individuals with frexf exposure to dogs and who reside near wooded ar areas
with high grass may be at increased risk of inéectiChildren under 10 years old, American Indiggenple with a
comprcl){nised immune system, and people with delasgatment are at an increased risk of fatal outctnme
RMSF.

RUSF Cases per Million

LY LI L \Q ,.Lb ,1’@ "bb' ,b‘b 'h‘b' b@ - Q’Q 61:& &
L L P P L il

Age Group

Figure 10. Average annual incidence of Rocky Mounia spotted fever by age group, 2000 through 2010
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3. Symptoms and Diagnosis

RMSF is characterized by a sudden onset of moderdigh fever (which can last for two or three W& severe
headache, fatigue, deep muscle pain, chills artd /e rash begins on the legs or arms may indlieesoles of
the feet or palms of the hands and may spreadlyapidhe trunk or rest of the body. Not every ca§&MSF will
have the rash. The first symptoms of Rocky Mountgiotted fever typically begin an average of 7 dafysr the
bite of a an infected tick—=but may occur anywheurerf 2-14 days afterwartisA tick bite is usually painless and
less than half of people who develop RMSF recahdeitten by a tick? Initial infection with RMSF is frequently
followed several days later by a skin rash, (ofeferred to a maculopapular rash which progresgesai papular or
petechial rash). A classic case of RMSF involveasa that first appears 2-5 days after the onsévefr as small,
flat, pink, non-itchy spots (macules) on the anklessts or forearms and spreads to include thektand may
include the palms and soles. The classic spottgabtachial rash is often not apparent until thi fofr sixth day of
illness. Often the rash may vary from this des@iptnd is difficult to discern in darker skinnedlividuals. A rash
may not develop or be atypical in approximately2D8 of cases of RMSF. People who fail to developsh, or
develop an atypical rash, are at increased riddeofg misdiagnosed. The rash on the palms and eblbe feet is
not characteristic for infection with RMSF and cawccur in other illnesses or reactions caused byg dru
hypersensitivities.

The rash commonly occurs earlier in children tharadults and may be observed in up to 90% of amildrith
RMSF infectiort®.

Symptoms are nonspecific.

Initial symptoms:*® fever, nausea, vomiting, severe headache, muaiielpck of appetite

Later symptoms: rash, abdominal pain, joint pain, diarrhea

Rocky Mountain spotted fever can be a very seremg fatal illness requiring hospitalization. SirRRerickettsii
infect the cells lining blood vessels throughowt thody, severe cases of this disease can affeatetipératory
system, central nervous system, gastrointestir&esy, or renal system. Long term health problerigvfing acute
infection can include partial paralysis of lowetrernities, gangrene requiring amputation of fingéoses, or arms
or legs, hearing loss, loss of bowel or bladdetrobrmovement disorders, and language disortlers.

Diagnosis:

Diagnosis of RMSF is based on symptoms, a thorangtiical history and history of a tick bite or expasto tick-
infested habitat or previous travel to known regiarhere RMSF occurs. The unique appearance andatlastics
of the rash are also important.

Laboratory Detection:

R. rickettsiiinfects the endothelial cells which line the bloggssels and usually are not found in large numbers
circulating in the blood therefore direct detectimethods to detedR. rickettsiiare not typically reliable methods
unless the patient has progressed to a severe efagdectiorf. The specific methods for the diagnosis of
rickettsioses have been recently reviewed.

Serology:

Serological tests are the most frequently usedvéiddly available methods for diagnosis. The WeilsFeest, the
oldest assay, is based on the detection of angkoi variousProteusantigens that cross-react with rickettsiae.
Although it lacks specificity and sensitivity, ibtinues to be used in many developing countriesiarcountries
with higher level of technical developm&hiThe indirect immunofluorescence assay (IFA) isegelly considered
the reference standard in Rocky Mountain spottedrfeerology and is the test currently used by GIDG most
state public health laboratories.

Figure 11. IFA reaction of a positive human serum o Rickettsia rickettsii grown in chicken yolk sacs, 400X.

IFA can be used to detect either IgG or IgM antibsdBlood samples taken early (acute) and latev@escent) in
the disease are the preferred specimens for ei@uddost patients demonstrate increased IgM tibgréhe end of
the first week of illness. Diagnostic levels of Ig@tibody generally do not appear until 7-10 déerdhe onset of
illness. It is important to consider the amountiwfe it takes for antibodies to appear when ordgl@boratory tests,
especially because most patients visit their pligsicelatively early in the course of the illnebsfore diagnostic
antibody levels may be present. The value of tgstivo sequential serum or plasma samples togethehaw a
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rising antibody level is considerably more impottan confirming acute infection with rickettsial exgts because
antibody titers may persist in some patients faryafter the original expostite.

Histochemical and Immunohistochemical Methods

Rickettsiae can be detected occasionally in tispezimens by various histochemical stains, inclyidiiemsa or
Gimenez stain$. This method is used by taking a skin biopsy efrdish from an infected patient prior to therapy or
within the first 48 hours after antibiotic therapgs been started. Because rickettsiae are focHtyibdited in
lesions of Rocky Mountain spotted fever, this tesly not always detect the agent. Even in labomgowith
expertise in performing this test, the sensitivgtynly about 70% on biopsied tissues. This assay aftso be used
to test tissues obtained at autopsy and has beeamh tosconfirm Rocky Mountain spotted fever in othiee
unexplained deaths .Immunostaining for spottedrfgveup rickettsiae is offered by the CDC, a featsthealth
departments, and some university-based hospitdis@mmercial laboratories in the United Stétes.
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Figure 12. Red structures indicate immunohistologial staining of Rickettsia rickettsii in endothelial cells of a
blood vessel from a patient with fatal RMSF (CDC)

Culture

Although rickettsial isolation in culture remairtsetmost definitive diagnostic method, this techeidgi typically
performed only in reference laboratories with asBfety level and requires staff capable of maimaitiving host
cells (animal mouse models or embryonated eggsglbcultures (Vero, L929, HEL, XTC-2, or MRC5 )l The
centrifugation shellvial technique using HEL fibtasts is an effective application of this metHodsolation of
rickettsiae can be performed routinely in this tyfidaboratory by using buffy coat preparationsheparinized or
EDTA-anticoagulated whole blood, skin biopsy spesmisy or arthropods. Although this technique is ates
approximately one-third of rickettsial isolates nimylost when passaged to new cells.

Molecular Tools

PCR and sequencing methods are now used as serwilii/rapid tools to detect and identify ricke#sia blood
and skin biopsy specimens throughout the world wlleese facilities are available. Primers ampliysequences
of several genes, includingmpA ompB gItA, and gene D, have been used. Ticks may also beé ase
epidemiological tools to detect the presence ddthggen in a specific area, providing insightsnd discoveries of
rickettsiae of unknown pathogenicfty.

4. Treatment

Rocky Mountain spotted fever remains a serious @oténtially life-threatening infectious diseaseagdDespite
the availability of effective treatment and advanée medical care, approximately 3- 5% of individuaho
become ill with Rocky Mountain spotted fever dierfr the infection. However, effective antibiotic thpy has
dramatically reduced the number of deaths causeRdmky Mountain spotted fever. Treatment involvesetul
removal of the tick from the skin and antibiotiosget rid of the infectionAfter theintroduction of antibiotics such
as tetracyclines, doxycycline (200 mg per day) emdramphenicol, itemains the treatment of choice for RMSF
Although tetracyclines are contraindicated for gahese in children less than 9 years of age, Doxyogctemains
the treatment of choice for all patients, includjmgingchildren, with RMSE.

Table 1. Antibiotic treatments for RMSF?%%

Rickettsiosis Patient Selected antibiotic regimens
Rocky Mountain| Adults Doxycycline, 100 mg every 12 h for 5 to ldyd
spotted fever Children Doxycycline, 2.2 mg/kg every 12 h for chnén weighing <99 Ib

(45 kg) or adult dosage if >100 Ib, for 5 to 10 slay
Chloramphenicol, 12.5 to 25 mg/kg every 6 h foo 30 days
Pregnant women Doxycycline, 100 mg every 12 h ftr 50 days

Appropriate antibiotic treatment should be startethediately when there is a suspicion of Rocky Maimspotted
fever on the basis of clinical and epidemiologifiadings. Treatment should not be delayed untilotalory
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confirmation is obtained. In fact, failure to reggoto tetracycline argues against a diagnosis akiRdlountain
spotted fever. Severely ill patients may requinegkr periods before their fever resolves, espgciithey have
experienced damage to multiple organ systems. Rti@egherapy in healthy patients who have hadnetiek bites
is not recommended and may, in fact, only delayotet of diseas¥.

Complications

Rocky Mountain spotted fever (RMSF) can be a vemese illness that requires treatment in a hospita¢ bacteria
infect cells that line blood vessels throughoutlibey. This infection can cause problems in theirasry system,
central nervous system, gastrointestinal systedmekis, lung failure and shoék.

Some people infected with RMSF develop long-tertheproblems including;

Partial paralysis of the legs

Gangrene requiring amputation of fingers, toes saonlegs

Hearing loss

Loss of bowel or bladder control

Difficulty moving

Language disorders.

These problems are most frequent in those recayérm severe, life-threatening disease, ofterofeilhg a long
stay in the hospitat?

Prevention

RMSF can be prevented by avoiding tick-infestechsrdike woods and tall grasses, brush, shrubs|@amdree
branches, and by taking precautions when spending @autdoors. Limiting exposure to ticks is the melective
way to reduce the likelihood of Rocky Mountain gpdtfever infection. In persons exposed to ticlegtéd habitats,
prompt careful inspection and removal of crawlimgatiached ticks is an important method of preventisease. It
may take several hours of attachment before orgeniare transmitted from the tick to the host. Gutye no
licensed vaccine is available for Rocky Mountaimtsgd fever. It is unreasonable to assume thatrsopecan
completely eliminate activities that may resultick exposure. Therefore, prevention measures dhioellaimed at
personal protection.

CDC recommends the following prevention measures:

~ooo0oTp

a. Wear light-colored clothing.

b. Tuck your pants legs into your socks so ticks cgettup inside your pants legs.

c. Spray insecticide containing permethrin on boots @athing. The effects will last several days.

d. Apply insect repellent containing DEET (diethyltahaide) to your skin. Because DEET lasts only a few
hours, you may need to reapply it.

e. Look for ticks on your body, including in your haivhen you return from hiking or walking.

f.  Check children and pets for ticks.

5. Conclusion

In summary, Rocky Mountain spotted fever tendsdartost com-mon to specific geographic locales,adiseThe
frequency of reported cases of Rocky Mountain ggoféver is highest among males, American Indiand,people
at least 40 years old. High-incidence areas erishé southeast and south central United Statese3he spring
and summer months coincide with peak infestatiothefticks responsible for the disease, clinicahi@mness with
clinical preparedness can be instrumental in e@typgnition of this RMSF disease. This review getincludes
history of Rocky Mountain spotted fever diseas@eggaphical distribution, statistics, their symptomisignosis and
treatment. All cases of Rocky Mountain spotted fewest be reported to the Centers for Disease Glorithe best
ways to decrease the morbidity and mortality ofdlsease are to increase awareness of its signsyamatoms and
to prevent exposure to ticks.
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