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phases of Rickettsia pro- N AN TR
wazekii (Breinl) in chicken .’_ ; 4
embryo cells. (A) Time zero it e vy
(after 2 h of absorption); (B) TP :
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F) 24 h. Ncte enlargement.
elongation, and dividing
forms. In addition lo typical
binary forms, some elongat-
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X 1.620). (From C. L. Wissg-
man, Jr., end A. D. Waddell,
Infectimmun,11:1391, 1975.)
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1n 14-2 Howard Taylor
Rickatts, a pioneer In tha
study of spotted fever and
typhus. (From the Nationat
Library of Medicins.)
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MITNN 14-1 Classification of Family Rickettsiaceae

GENERA SPECIES

Tribe: Rickettsleae
Small, pleomorphie, mostly intraceliular organisms that exist
In arthropods. Some are pathogenic for cenain veriebrate hosts,

Rickettsla. Small éoccold to rod-shaped or pleomorphic R. prowazekl
organisms. Found Inlracytoplasmlcally in lice, ticks, fleas, R. typhi
and mites or extracellulariy in lumen of arthropod gut. Have A. canada
not been grown on celi-free media. Are not filterabte. Patho- R rickettsli
genic for human baings, in whom they produce Wall-Felix R. sibirica
agglutinins for Proteus spp. A. conorll

R. australis

R. skari

R. parkeri

R. tsutsugamush|
Rochalimaea. Depand on arthropod and vertebrate hosts for R. quintana

natural survival. Usually reside in an extracellular environment
in the arthropad host. Can be cultivated in host ceil-free media

Coxiella. Small pleomorphié, coccold, or rod-shaped organisms C. burnetit
that grow preferentially In vacuoles of the host call {rather than

in cytoplasm or nucleus), Also geeur extracellularty in infected

ticks. They are filterable. Parasitic for humans and other animals

but do not produce Wal-Falix aggolutining in humans.

Tribe: Ehrlichleas
Minute spherical or pleomorphic cells. Pathogenic for some mammals but not
tor humans. They occur in arthropods and othar Invertebrates.

Ehrlichia. Smalt cogeoid or pteomorphic cells found In cyto- "E. canis

plasm of monacytes of certain mammalian hosts. Causative E. phagocytophila
agents of tick-borne diseases of dogs, cattle, sheep, goats, and

probably horses,

Cowdria. Small spherical, rod-shaped, or pleamerphic organ- C. ruminantium
ismas found intracellularly in ticks, Are characteristically iocalized
m clusters in cytoplasmic vacuoles ot endothalial cells of mam-

alian host. Cause of heartwatar of cattle, sheep, and goats.

Neoricketts/a. Small coccold or plaomorphic rods, crescents, or N. helminthoeca
tings found in the cytoplasm of reticufoandothelial cells of

certaln mammals or fluke vectors. They cause a helminth-borne

disease of canines.

Tribe: Wolbachieas
Coccoid, rod-shaped, or fitamentous cella adapted 10 growth
in arthropods as symbionts.

Woibachla. Plecmorphic organlisms ranging from short coccold W. piplentis
to filamentous forma. Mostly intracellular, but extraceliular W. melophagi
forms are found. W. persica

Symbiotes. Rickettsialike pleomorphic organisms that exist as S. lectularius
symblonts.or in a true commensalistic state with arthropod

hosts. Special orgersor mycetomes may be developed in host

to harbor these organisms.

Blartabacterium. Siraight or slightly curved roda. Nonmotite. B. cuencti
Characteristically occur as Intracellular symbionts in myceto-

cytes in abdominal fat body tissue and in ovarles and eggs ol

all species of cockroaches. Not known to be pathogenic or in-

fective to any other Insect, animal, or human being.

Rickettsialla. Found in assoclation with intracellular, crystalline  R. popliiliae
incluslons. Somelimes in the nuclel of host celis. They are
fliterable. Causatlva agent of blue disease of beetle larvas.
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M1IWNN 14-2 Some Rickettsial Diseases

BIOTYPE

DISEASE AND *
SYNONYMS

1 ETIOLOGY
2 VECYOR(S)
3 RESERVOIRS

PARINCIPAL
GEOGRAPHIC
FOC!

Typhus
group

Typhus
group

Typhus
group

Spotted
faver
group

Spotted
fever
qroup

Spotted
favar
group
Spotied
fever
group
Spotted
fover
group
Spotted
fever
group
Spotted
" fever
group

Spotied
fever

group
Q Jever
group

Epidemic typhus
Jail fevear
uropean typhus

Endemic typhus
Murine typhus

A human disease
indistinguishable
Irom Rocky
Mountaii, spotted
fevar and others

Rocky Mountain
spotted lever

Rickettsialpox

Boutonneuse
lever

Siberian tick
typhus

Queensiand tick
typhus

Trench tever

Scrub typbus

Q fover
Nine mile fever

1 R. prowazekil
2 Human body louse
3 Humans

R. typhi
Rat, flea,
and louse
Rodants

Ly N e

-

A. canada

A.. rickettsil
Ixodes (ticks)
‘Wiid rabbits, dogs,
sheep, rodents

[

R. akarf

House miltes, house
mice

House mice and other
domesticated rodents

n -

(=)

R. conoril
Ticks
Dogs and rodents

R. siblrica
Ticks
Rodents

R. australis
Ixodes {ticks)
Marsupials

A. quintana .
Human bogy jouse.
Humans

R. tsutsugamushi
Thrombiculed mites
Rodents

BN =S W - WA= WA N =

-

R. parkeri

C. burnetii

Ticks and body lice
Wild rodents, cattle,
sheep, and goats

LY A -

Warldwide, asp,
Balkans, China,
Mexico. South America

Worldwide, southern
United Statas, Maxico,
Australia

First isolated in
Canada

Western hemisphere

North America,
Southern Africa
USSR, New York City.
Boston

Mediterranean,
Black Sea,
Middle East

Central Asia,
Siberia. Armenia,
Mongolia
Australla

IS

Europe, Africa,
North America

Asia,
Pacific Isiands,
Australia

Worldwide

NN ITauLs e Bergey’'s Manual of Determinative Bacteriology, 8th edition,

1974 Siaaudonniaagylugmn 18 (The Rickettsias) u,a:gna‘imunmaawmuﬁmuagj'lu

order I, Rickettsiales U1 naudluaauunilang Rickettsiacéae, Bartonellaceae W82 Anaplasma-

taceae Family Rickettsiaceae Us2NaudIe tribe Rickettsigae, Ehrlichieae WX Wolbachieae

Tribe I, Rickettsieae Usznavuelurudiisfe Rickettsia, Rochalimaea WA Coxiella
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AN 14-2 (MD)

ENVIAONMENTAL SYMPTOMS OF THE MODE OF TRANSMIS-

FOCI OF ORGANISMS DISEASE IN SION TO HUMAN OR LABORATORY

OR YECTORS GUINEA PIGS OTHZR HOST DIAGNOSIS

Trowded, filthy Faver only Through the skin in Rising titer for OX,,, slight

conditions, louse~
infestad premiges

Rat- and flea-in-
festad premises

Tick-infestsd
terrain, houses,
dogs

Rodent- and mite-
infested urban
premises

Tick-Infested
terrain, houses,
dogs
Tick-Infested
dwellings, dogs,
terrain

Tick-infesied
terrain during
rainy season .

Infacted flea
feces via skin

Chigger-infested
areas, high grass,
weeds, underbeush,
golf courses

Fever and scrotal
swelling

Faver but no scrotal
lesions in guinea
pigs

Fever and scrotal

necrosis

Fever and scrotal
swelling

Fever and scrotal
swelling

Fever and scrotal
swalling

Fever and acrotat
swolling

infected flea faces

Same as R.
prowazekii

Tick bites

Mite bites

Tick bites

Tick bites

Tick bites

Tick bites

Mite bites

~inhalation of infeo-

thous asrosols, tick
bites, miik

tor OX,: negative for OXK
Specific complement.
fixation test

Positive Weil-Felix for

X,y
Complement-fixation test
Agglutination of
rickettsias

Complement-fixation
tests give Gross reactions
with R. prowazekii and
R. typhi

Protection or neutraliza-

tion test

Specific complement-
fixation test

Positive Wail-Felix
{0X,,. 0x,)

Specitic complement-
tixation test
Negative Weil-Felix

Poxitive- Weil-Folix for
OXX {OX,, negative)
Specitic complemant-
fixation test

Negative Weil-Felix
Specitic complement-
fixation test

isolation of rickettslas

P - du/-
Rickettsia TIUUINH
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Jinmeawuiliolan (Pathogenic Ricketisias)
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louse bites man

Becomes infected

infected man

mﬁ \
@A @ . |

Bites rot Becomes infected . infaction \

Uninfected ;: :

flea bites rat M
/ Bites rabbit

Intected floa )
Becomes
'] infected

A Bites man

‘Q‘f ,

|
1

Rabbit infected

Uninfected tick
biles rabbit

Becomes infacted ;

Bires man

N

Becomes inlected

=4
1]‘" 14+-3 Epidemic typhus (A) is transmitted directly to humans by the body
louse, which becomes infected by feeding on a human who harbors the rickeltsias.
Endemic (or murine) typhus (B) is transmitted by fleas to rats which are hosts to the
rickettsias. Noninfected flaas become infected by feeding on infected rodent hosts.
Fleas then may transmit the rickettsias to humans. Transovarian transmissicn does
not occur in the fiea. Rocky Mountain spotted fevar rickettsias (C) are transmitted
from one generatian of ticks to the next by transovarian infaction; intermediate
hosts such as the rabbit become infected when bitten by an infected tick. Other
ticks may ba infected by biting infacted rabbits, and in turn they serve as incubators
for the development of rickettsias and their subsequent transovarian pessage. Hu-
mans are accidental hpsts if bitten by an infected tick.
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=
N 14-5 () Rickettsia
akarl in smear of peritoneal
scraping of infected labora-
lory mouse {x 940). (8) AR.
{sutsugamushi in cytoplasm
of infected cell {x 940). (C)
R. prowazekii in yolk-sac
cullure {x 1,500). (D) R.
typhi in yolk-sac culture (x
1,000). (From N. J. Kramis
and the Rocky Mountain
Laboratory, U.5. Public
Haalth Sarvice.}

4 .
1IN 14-6  (a) Uiratnin
- section through chick em-
bryo fibrobtast infected with
the virulent Brainl strain of
Rickeltsia prowazekif, x
11,425, (B) Thin section.of
the Breinl strain of A. pro-
wazekii released from chick
embryo host cell in the
presence ol specilic antity-
phus serum. Note the exter-
nal layer, x 21,475. (C)
tUltrathin section of the
Brelnl strain of A. prowaze-
kil trom a preparation which
was stained during the fixa-
tion perlod with ruthenium
red showing layers of the cell
wall and the external layer.
{Courtesy D. J. Silverman
and C. L. Wisseman, Jr.,
University of Maryland.)
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HESNIAUIARINTIN DNA AaudeasiualIumaas RNA sandradioundasld il
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“oal d d. - =l e W o ¥ : [ d‘ - I
NRIB MWL LTD StemTo fndo fuiumnwznies s esnnimads
[ a- ol e « | a au | & W o
ﬂmu"hsaluuamﬂumsﬂmamamnmmﬁﬂaﬁlumaammu (obligate intracellular
parasite) Ml pdu oy uamanis 'lumammmumamwm‘smm'ﬂuamum
g 11&!.‘11& 1188Uva9gn In (chick embryo) m-;ﬂw 14-7 ma'lwnaamamamwmauo'!;a-
(tissue culture) B-EI'NMSJ’RH&I Eﬂﬂ 14-8 VL@LLWNBGL’UB Ricketisia tsutsugamushi Tu
lymphoblast cell W89%Y (mouse) MW zLiL 1T ualidonniulu genus Rochalimaes
RIWITOINIE Lam"lmumumaﬂ (blood agar) Nammmumaammmu@mmmwmmaaa
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X
TBGMT‘HGQHLW@U‘UUGUQH‘SHW IﬂIﬁuﬁleﬂﬂﬂJuﬂ’]Uﬁﬂd'ﬂqﬂﬂ']'a'UZJL‘iJuL"JQ'] 12 ﬂd 14 'ZI‘WY]

=

qumgu 37 2FLTALT G

5[‘ Enucleaied chick-embryo calls in
- antiblotic-lree madium

| o—e - Enuclected L colls in °

ontibiotic-conlaining medium

=4 .
N 14-7  Growth of
Rickatiaia prowazek! in
enucleatsd cells. A. prows-
zaki was growa in slide-
chamber culture in chick-
embryo cells (CE) and L
cells (L-829). Growth was
expressed as number of
rickattalallke bodies per in-
fected cell (no. RLB/
Infectad cell). Thess results
demonstrate that the
growth cycle for R pro-
wazek/ within the cytoptasm
of its hoat cell'ia compara-
ble to that of a bacterium In -
a fluid mediurm. (Courtesy

T Te32C
0_.

—

0.5

logz number rickettsiakke bodesiniocied cel
T

E.Storkand C. L. wisse- 00 f : Ly )
man, Jr., infection and Im- 0 $ 10 15 20 2
munlty, 13:1743, 1976} Incubation lime, h
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4 N mevainvonia iy e e i ——————rA———.
g‘lh‘l 14-8 The multiplica-  Ry¥1 % g ST iR iy %ﬁ‘: Tﬁ%f%
tion of Rickettsls tsutsuga- BRI LY ey i N R BNy o SN W P ,r\fﬂ
mushi In mouse lympho- B _.“i' < SRPHAT TR g kI i B oA, B T ,,f. et

L G ool A HL% it T TR v A4 ,_‘;‘-:),

blast calls. Initially (A) there
are about six or so intracel-
lular organlams, which in-
crease to Innumersble rick-
etisias in 48 b (C) and in 72
h (D). Thesa preparations
ware stained with Giemsa
stain. Magnification: (A} and
{C), x 1,300: (B) x 1,400;
(D) x 1,000. (Courtesy of F.
Marilyn Boremarn &t al. andg
J immunaol,)
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3117] 14-%  inniition of Tetracycline concentration 3 i
growth of Rickettsia pro- - 79 70~ 8
wazokii (Breini) in slide- © - gg?ﬂrlnl F‘% §
chamber cultures of Irrad-  § A A0) pgm g °© §
ated chick-embryo cels by § B .A1D pgm w %8
graded concentrations of s50l-m w10 Oﬁg/ml sol-Y f H
tetracycline. (From C. L ﬁ e——e mean 0.1-10 i 3 k'l
Wisseman, Jr., A. D. Wad- % .3 ,§ §
dell, and W. T. Walsh, J In- : 401 ; or § 5
fect Dis, 130.564, 1974 - N
s g 30~ oo 150 B B
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e Fuga s i na3FraiundoIne (serological technique)
v 3 o
MIATIVTOUN MU UHADIINEN "u?nvﬁ%ammm:gnﬁuwmﬂumamn fa Weil-
. . . r-w-_| F‘i’ ] 'll; =9 =1 = = .
Felix agglutination test 35 N ynagovi balalti 5o Tiaadutduuanfian @ntigen) lauass
1 L7 A oA [-% & [~ o ld! o -7
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. v ¥ P a 21 @ & a a2 A
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Differantial Dicgnosis of Rickettsial Disease

Choracreristic
Whole biood from fover pattern Microscopic
patient Injected into Day of disecse exominaion
male guinea pig 0 P s 12 . » 9, tixsue
1
Epidemic typhus
Rickettsios
Day of disease °pP::' in
0 4 8 12 1% % cytoplasm
171
g 108
|
E 104
104
& 2
Mooser bodies
in cytoplasm
. [cytoplasmic
Scrotal swalling Day of disease ke
/ T
Rocky Mountain spofted fever I
Rickettsios
Ia nuclous and
o
Scrotal swelling cytoplasm
and_necrosia

P}
31/ 14-10 pifterential dlagnoais of
some rickettsial diseases can be
made In the laboratory by inoculating
normal mals guinea pigs with biood
from febrile patients in the early
stages of disease. Results are Indi-
cated in this diagram,
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ARENAY (CHLAMYDIA)
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|
31]11 14-11 Ejectron micrograph. of uitrathin section

through a microcolony of Chlamydia psittaci in cytp-
pfasm of a McCoy cell gfter 48-h incubation. The vari-
ous develcpmental forms are labelad, The vesicular
membrana has been ruptured and chlamydiae are being
released into the cytoplasm, The multilaminated nature
of the wall of thg elementary bodies and the double-unit

membrane surrouhding the intermediate and Injtlal
bodles are visible, x.28,700. (Courtesy of Randall C.
Cutlip, Inl and Immun, 1:500, 1970}

P
PNIWIN 14-3 Characteristics of E. coli, Chiamydias, Rickettsias, and Viruses

PROPERTY E. coli CHLAMYDIAS RICKETTSIAS VIRUSES
Nucleic acid, DNA or RNA Both Both Both One or the
other

Multiplication by binary Yes Yes . Yes No
fission
Cell walls contain Yes Yes Yes No
mucopeptides
Ribosomes are present Yes Yes Yes No
Contain metabolically Yes Yes Yes No
active enzymes
Inhibited by antibacterial Yes Yes Yes No
drugs
Synthesize ATP as a source Yes No Yes No
of energy
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