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Abstract Nine patients .‘itli l aboratory-acquired Rocky Mountain spotted

fever (RMSF) were seen during the period 1971 to 1976. Investigation of

• each case revealed either definite or probable exposure to an aerosol

containing infectious rlckettsiae; in no case was there evidence of

parenteral exposure either by accidental self—inoculation or by tick

bite. These illnesses are believed to reprs~sent RNSF acquired via the

respiratory route; this report emphasizes the aerosol hazard of

Rickettsia rickettsii in the laboratory and discusses the possibility

of respiratory transmission of RNSF in nature. Cell—mediated immunity,

as measured by lymphocyte transformation to rickettsial antigen, was

• detected in these patients and was correlated with serologic studies.
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Rocky Mountain  spotted fever (RMSF), an In f e c t i o u s  disease caused

by Rickct t s ia  r ic k c t t si t ,  is endemic throughout the continental United

States. Transmission of the disease to hulna flS occurs via the b i t e  of

an infected arthropod , the dog tick , Dermacentor variabilis, in the

eastern United States , or the wood tick , Dermacentor andersoni , in the

western United States. Transmission can also occur by accidental self—

Inoculation of infectious material in both laboratory1’2 and clinical3

settings. Although aerosol inoculation of monkeys provides a well—studied

animal model for RMSF,
4’5 there are only three previously reported

instances of laboratory acquired disease for which a careful

investigation failed to disclose evidence o~ parenteral transmission

and were believed to have been acquired by inhalation of infectious

aerosols)’2 From 1971 to 1976 members of the professional and support

staff of the U.S. Army Medical Research Institute of Infectious Diseases

(USANRIID) were engaged in research into the pathogene;~is and immunology

of rickettsial diseases, with development of an effective vaccine

against RNSF as a major objective . During this period there were

nine cases of laboratory—acquired RNSF which we believe were acquired

via aerosols. Additionally, personnel studying R. rickettsii in the

laboratory demonstrate immunolog ic indicators of exposure to this

organism even in the absence of clinical illness. These observations

are evidence for the hazard of aerosol transmission of R. r i ck et t s i i

in the laboratory .

Relatively little is known of cell—mediated immunity in

• . 6• rickettsial diseascs. W~ssemari et al. have demonstrated delayed

cutaneous hypersensitivit y to formalin—kil led suspen s ions  of

• R i ck e t ( s i i  
~~~~~~ ~~~~ ~~~~~~~~ 

prowazek i  in humans who e i t her  had
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epidemic or endemic typ hus, or were vaccinated with the attenuated

living E strain of R. j~2wazeki. Coonrod and Shepard 7 reported In

vitro lymphocyte transformation (LT) to rickettsial antigens in

humans after infection or vaccination with either typhus or spotted

fever group organisms and noted some correlation of LT with complement—

fixing antibody titer. The occurrence of these nine cases of laboratory—

acquired RMSF afforded us the opportunity to. monitor cell—mediated

immunity, as measured by In vitro LT to R. rickettsii antigen , and

correlate this response with serologic tests of rickettsial antibodies.

*4 
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MATERIALS AND MET IIOI) S

Patients

The records of all patients with a diagnosis of RMSF f rom 1971

to 1976 were reviewed . All patients with a clinical picture compatible

with RMSF, and either four—fold rises of specific antirickettsial

antibody titers as measured by microagglutination (MA) or immunof]uorescent

antibody techniques (IFA), or isolation of R. rickettsii from a

pretreatment blood sample are included .

Studies of Personnel

All personnel who worked in the laboratories where R. rickettsii

was employed were bled in January , 1977 as part of routine ongoing

occupational health screening. MA , IRA and LT tests to R. rickettsii

antigen were performed . None of these personnel had a history of

clinical RMSF. Personnel working in other laboratories at USANRIID

served as controls.

Ccmplenicnt—Fixation (CF) Test

Tests were kindly performed by Dr. Charles Shepard , Leprosy

and Rickettsia Branch, Virology Division, Bureau of Laboratories ,

Center for Disease Control , Atlanta, Georgia.

Microagglutination (MA) Test

Tests for RNSF antibody were performed as described by Fiset et al.8

Antigen was prepared from the Sheila Smith strain of R. rickettsii

grown in duck embryo cell (DEC) cultures. After differential

centrifugation rickcttsiae were inactivated with 0.1 per cent formalin

and extracted twice with ethyl ether to remove egg lipids. The antigen

suspensions were standardized to contain 1 mg rickettsiae per milliliter.

Ant igen—ant ise rum suspensions were incubated at 20° C for 18 hours

a f t e r  which time 25 !!1 of 0.02 per cent acr idine orange was added .

4, 
Results  were recorded at 24 hours.
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Well—Felix (WI)~ Test

Proteus 0X2 and 0X19 slide antigen , tube antigen , and positive

antiserum were purchased from Difco Laboratories , Detroit , Michi gan.

Serum titrations were performed in microtiter plates with 200 ~il of

1:8 saline dilution of slide antigen in each well. Sealed plates were

incubated in a 37°C water bath , and agglutination was recorded after

4 hours. The tube test was performed as de~cribed by Weil and Felix.
9

Indi rec t  Fluorescent An t ibod y (IFA) Test

IFA tests were performed using the procedure described by Kenyon

10et al.

Ricket ts ia l  Isolation

Blood obtained from pa t ien ts  on admission , before  an t ib io t i c  t r ea tmen t

was in i t ia ted , was injected int raper i toneal ly into male , Har t ley  s train

guinea pigs f or r ickettsial isolation as descr ibed by El isberg and

11Bozeman .

Lymphocyte  Transformat ion

Blood for leukocyte cul tures  was obtained from pa t ien ts  and

laboratory personnel . Leukocyte suspensions separated from heparinized

blood were used in tests for specific in vitro lymphocyte transformation

essentially as described by Marker and Ascher.
12 

The antigen emp loyed

was formalin—killed , DEC culture—grown R. rickettsii purified by rate

zonal centrifugation and standardized by particle count’3 at 5 x lO~

rickettsiae per milliliter .

S t a t i s t i c s

The t—test for independent samples was used when comparing MA , IFA ,

and LT da t a  of the  vacc ina t ed  personnel and c o n t r o l s , and t h e  MA dat a  of

unvaccinated personnel  and con t ro l s .  For t h i s  c a l c u l a ti o n , a l l  data

4.
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were log—transformed , and nega t ives  were assigned a value one—half of

the lowest posi t ive  value fo r  t h a t  p a r t i c u l a r  tes t .  Wilcexon ’s r ank

sum test was employed for comparison of IRA and LT of unvaccinated

personnel and controls. MA and IFA are compared to LT of patients

and personnel using linear regression analysis of log—transformed

data. 
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CASE REPORTS

PATiENT 1. On September 5, .1971, a 22—year—old white male

laboratory technician , on leave from this laboratory, was admitted to

the hospital at Fort Dlx , New Jersey , with a six—day history of

headache , chills, fever , sti f f  neck , myalgia , ar thra l gia , and chest

pain. One day before admission a rash had developed on his arms and

legs .

On admission, the patient was acutely ill with a temperature (T)

of 39.8°C (103.6°F). Examination disclosed bilateral cervical adenopathy ,

a spleen palpable 4 cm inferior to the left costal margin and an

erythematous maculopapular rash over the extremities and trunk . Admission

laboratory data included a heniatocrit (HCT) , 42 pe r cen t , white blood

cell count (WBC) 7,300, wi th 70 per cen t polymorphonuclear leukocytes

(PMN) , 22 pe’- cen t lymphocytes. Urinalysis, chest x—ray , febrile

agglutinins, liver func t ion  tests , and heterophile antibody were all

unremarkable. Routine cultures of the throat , urine, and blood were

negative.

The patient was started on tetracycline hydrochloride , 2 g per

day orally , and improved rapidly. Re was afebrile wIthin 48 and

asyinptomatic within 72 hours. At the time of 1ischarge on the f o u r t h

hospital day, physical examination was normal except for the fading

rash. Data conf i rming the diagnosis of RMSF are included in Table 1.

The patient worked as a technician in the l abora to ry .  His work

included In o c u l a t i n g  and harves t ing  I. r i c kc t t s ii  from embryonatcd

eggs and tissue cu l tu res .  lie could recall no l abora to ry  acc iden t  or

break in t echn i que ; his only known exposure was dai l y work w i t h

mater ia ls  containing hi gh titers of R. rickcttsii .
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PATIENT 2.  On January  31, 1972 , a 2 0 — y e a r — o l d  w h i t e  male

l aboratory t ec h n i c i a n  was a d m i t t e d  to t h e  medical ward of t h i s  i n s t i t u t e

• w i t h  possible RM SF . Seven days  be fo re  admiss ion  lie had developed

f e v e r .  Examina t ion  at th at t ime revealed onl y right pos t e r i o r  au r i cu l a r

adenopathy ;  no t r ea tmen t  was adminis te red . Three days later he re turned

with malaise , feve r , sore throat , and d i f f u s e  rnyalg ia and a r t h r a lg ia.

Physical examinatio n revealed a macular erythematous rash on his hands

and arms . He was a febr i l e .  Complete blood count (CBC ) was normal and

a “Mono spot ” test  was negat ive . A throat  cul ture  grew norma l f lora .

Two days before  admission , he saw a pr iva te  physic ian , who prescribed

ampicillin, promethazine , and analgesics. These medica t ions  provided

no relie f , and he re turned to the dispensary and was admi t t ed  for

evaluation .

On admission the pa t ient  was acutely ill wi th  temperature  of 39 .4° C

(103°F). Examinat ion revealed a d i f f u s e  maculopapular  e ry thematous  e rup t i on ,

including the palms and soles , but sparing the face .  There was a grade

h i lly systolic ej ection murmur at the lower l e f t  s ternal  border . The

liver was fe l t  at the ri ght costal mar g in and was mildl y tender . The

spleen t ip was f e l t  at the l e f t  costal  margin . Laboratory tes ts , i nc lud ing

CBC , electrolytes, blood urea ni t rogen (BUN) , liver func t ion  t e s t s , chest

x—ray,  and cul tures  of the throat , blood , and ur ine  were unremarkab le .

Treatment wi th  te t racycl ine , 2 g per day orall y ,  was begun. The

patient  became a febr i l e  on the third hospital day. Symptoms r e so l v e d

by the  f i f t h  hosp i tal  day ,  and he was discharged .

Data c o n f i r m i n g  the  d iagnosis  of RM SF are inc luded  in ]~~l .  ~• I .

The p a t i e n t  had worked in the l a b o r a t o r y  harv e sT in ~ v t l  1< ~; i c s

from embryonated eggs infected with R. rickettsii for only one d a y ,

13 days before the onset of his illness. lie indicated thai. there
4’

~ 
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• had been no accident  or break in labora to ry techn ique. His only known

exposure was working w it h  r i c ket t s l a e — la d e n  m a t e r i a l

PATIENT 3. A 34—year—old  whi te  male v e t e r i n a r i a n  was seen in

the USAMRIID d ispensary  on September 20 , 1974 , compla in ing  of f a t i gue ,

myalg ia , severe f ronta l  headache , and fever for  one day . In 1969 he

had received the primary series (three in jec t ions  at weekly i n t e rva l s )

of a commercial (Lederle) RNSF vaccine .

On physical examination , the pa t ien t  had a t empera tu re  of 37 .8° C

(100° F ) ,  pulse , 88 per minute , resp irations , 24 per minute , and blood

pressure of 122/74 mm Hg. The pa t ien t  did not appear extremel y ill ;

he had no abnormali t ies on examination . His HCT was 45 per cent , WBC

5,100 with a normal d i f f e r e n t i a l, e ry throcyte  sedimentat ion ra te  (ESR)

10, platelet coun t 300 ,000 , prothrombin time (PT) 14 seconds (control

12 seconds),  par t ia l  thromboplastin time (PTT) normal , f ibrinogen

355 mg per deci l i ter, BUN 21, and creat inine 1.0. Liver func t ion  t e s t s ,

chest x—ray and ECG were normal.  Because of suspected RNSF , the pa t ient

was s tar ted  on te t racycl ine, 4 g per day by mouth , and followed as an

• ou tpa t i en t .  For ty—ei ght hours later he developed a fa in t macular

erythematous rash , f i r s t  on the arms , including the palms , and then

spreading to the t runk and legs. This rash faded over the fo l lowing

48 hours .  At this time the pa t ien t  was a febr i le  and a symptomatic ,

except for residual weakness and f a t igue .

Laboratory da ta  conf i rming  the d iagnos is  of RMSF are included in

Table 1.

Nine days be fo re  onset of th i s  i l lness the p a t i e n t  and two

• co—workers were i n j e c t i n g  g u i n e a  pi gs w i t h  a y o l k — s a c  suspens ion  of

R. r i c k e t ts ii  c o n t a i n i n g  abou t  io8 organ i sms  per m i l l i l i t e r .  Whi le

injecting one animal i nt r a ( l er ma l l y ,  the needle “popped” o f f  t h e  syr inge

~ 
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and the conte nts wer e sp rayed into the air and spa t tered on to the

hands and faces of the three ind iv idua ls .  Safety glasses prevented

• conjunctival contaminat ion .  All immediately washed themselves and

then cleaned up the spill .  Two co—workers elected to take prophylactic

te t racycl ine  and did not become ill or develop antibody t i t e r s  to

RN SF. The pat ient  declined prop hy laxis as he believed the previous

• RMSF vaccination would offer protection against disease.

PATIENT 4. A 21—year—old white male laboratory technician was

admitted to the medical ward of the Institute on September 28, 1974.

Three days before  admission , the pat ient  developed anorexia , malaise ,

headache , and myalgia , especially severe in both calves. One day

before  admission he experienced several shaking chills and developed a

fever.

On admission the patient was acutely ill with  temperature of

38.2° C (100.8° F) ,  blood pressure , 104/70 mm Hg, resp irat ions , 20 per

minute, and pulse 100 per minute. Examination revealed a f lushed face ,

inf lamed pharynx , le f t  ante rior cervical adenopath y,  and bi la teral  calf

tenderness. Laboratory da ta included HCT 45 per cent, WBC 5,400 with a

normal d i f fe ren tial , ESR 11, and a normal chest x—ray . Routine throat

and blood cultu res were negative .

The pat ient  was started on tetracycline 2 g per day by mouth .

By the four th hosp ital day , the patient felt much improved , and hi s

temperature had returned to normal. This patient had no rash during

his illness.

Laboratory data confirming the diagnosis are included in Table I.

The patient recalled an acciden t resulting in heavy aerosol

exposure on September 20, 1974. While injecting a yolk—sac suspension

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ 
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of R. rickettsii into a vial , the stopper “popped ” of f , and the

suspension was sprayed throug hout the l a m i n a r  f low hood at which lie

was working. Disregarding established procedure , he immediatel y

opened the hood and spent approximate l y f ive  minu tes  c lean ing  up

the sp ill. This f inished , he closed the hood , but  remained in  the

same room for  another two hours. He did not report the inc ident  until

he became ill.

• PATIENT 5. A 62—year—old whi te  male animal handler  was admi t t ed

to the medical ward of this Ins t i tu te  on February 20 , 1975. He had

had a primary series of a trivalent rickettsial vaccine (RNSF, Q feve r ,

and epidemic typhus)  in 1958 . Two days before  admission , the patient

experienced abrupt onset of severe frontal headaches , d izziness, nasal

conges tion , and coryza. His temperature was 40°C (104°F). The next

day he con t inued to exper ience severe heada ches , gidd iness , mild

unproductive coug h , nausea , myalg ia , and shaking chills.

Physical examination revealed an acutely ill male , experiencing

a shaking chill.  His temperature  was 40 .3 °C ( 104.6° F ) ,  pulse , 116 per

minute , blood pressure , 130/90 mm Hg, and resp irat ions, 20 per minute .

His pharynx was mildly in jected . There was a h Illy blowing systolic

murmur at the cardiac apex which intensified with inspiration . The

skin of the trunk showed livedo reticularis , but there was no rash.

Admission laboratory values were: HCT 47 pe r cen t , WBC 3 ,400 with

4 per cent metamyelocytes, 40 per cen t bands , and 45 per cent PMN,

ESR 32 , platelet count 86,000 , PT 16 sec (control 14 sec), PTT normal ,

and fibr inogen 457 mg per deciliter. Fibrin split products were not

detected . Electrolytes , BUN , creatinc , liver function tests , chest x—ray,

ECC , throat and blood cultures , and serum comp l ement l eve ls  were normal. .

The ccrcbrospinal. fluid was normal.

~
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The patient was treated with tetracycline , 4 g per day by mou th ,

asp irin , and intravenous fluids. He r~ ma lncd severely ill for 48 hours

with a hectic fever and frequent  shaking chil ls .  On the second hosplial

day his HCT was 37 per cent, WBC 2 ,600 , pla tele t coun t 55 ,000. A

tourniquet test was positive , and fibrin split products were detected .

His PT and PTT were normal and the uibrinogen 350 mg per deciliter.

• He had no clinical evidence of bleeding. On the third hospital day

he developed a fine macular erythematous rash on the distal  lower

extremities. The next day the rash was petechial and involved

the soles of his feet. On the third hospital day , because of

persistent nausea and vomiting, intravenous tetracycline was begun.

• Within 24 hours he became afebrile , and recovery progressed uneven t f ully.

Studies documenting RNSF are seen in Table 1. Throat washings

taken on the day of admission yielded influenza type A virus. CF

titers to type A influenza increased from negative to 1:16 and to type

A
2 
from 1:4 to 1:32 over the course of his illness. He, therefore ,

F had simultaneous infection with influenza and RNSF .

Careful investigation revealed no accident or break in technique .

About one week before he became ill the pa t ien t  recalled empty ing  a

trash barrel containing a broken roller bottle which had been used

for tissue cul ture of R. rickettsii. This may have exposed the

patient to an infectious aerosol.

PATIENT 6. A 26—year—old white male laboratory technician was

admit ted to the USAMRIID medical  wa rd on June 29 , 1975. Three days

befo re admission , he had developed a r e t ro—orb i t a l  headache unrespons ive

to aspirin. Over the next two days ho also developed myal g ia , mild

unp roduc t ive coug h , nausea , anorexia, sore throa t , clii u s , and v o m i t i n g .

4’ 
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• On admission his temperature was 39.7°C (103.4°F), pulse 94 per

minu te, resp iratIons, 12 per minu te and blood pressure , 128/62 nun Fig.

He appeared acutely ill. His skin was pale. There was mild pharyn geal

inflammation, bilateral conjunctivitis , and hepatomegal y wi th  mild ri ght

upper quadrant abdominal tenderness.

Admission laboratory data included: HCT 44 per cent , WBC 5,200

with 9 per cen t bands , 71 per cen t PMN , 12 per cent lymphocy tes , 2

per cen t monocy tes , and platelets of 321,000. Electroly tes , BUN ,

creatinine, glucose, LFT , crea tine phosphokinase, amylase, ECG , ches t

x—ray and urinalysis were unremarkable .

Data confirming the diagnosis of RNSF are included in Table 1.

Tetracycline, 2 g per day by mou th , was begun immed iately. Recovery

was uneventful with the exception of transient thrombocytopenia

(nadir 150,000 on the four th hospital day). At no time did he have

a rash. lie was discharged on the fourth hospital day.

The pa tien t ’s work involved inoculating and harvesting R. rickettsii

from embryonated eggs and tissue cultures. He had not noted any accident

or break in technique.

PATIENT 7. A 23—year—old white male laboratory technician was

admitted to the medical ward May 25 , 1976 , with a two—day his tory of

fever to 40°C (104°F),  chills, sweats , myalg ia , and modera tely

severe frontal headaches. The day of admission he also comp lained

of nausea, vomiting, “burning eyes,” and pho tophobia. Admission

physical examination revealed temperature 39.4°C (103°F), pulse , 120

per minu te , blood pressure , 115/80 mm Hg and respirations , 15 per

minute. The skin was warm and moist; there were several 2—5—mm

erythematous macules on the anterior chest. The rem ainder of his



examination was unremarkable. Admission laboratory data Included :

IICT 47 per cent , WBC 7 ,800 w it h 12 per cen t bands , 77 per cent PMN ,

6 per cent lymphocytes , and 5 per cen t mnonocy tes , platelets 1.40,000 ,

and rou t ine ur inal ys is showed mild proteinuria and 15—18 WBC . The

rema inder of the admission labora tory da ta , includ ing elec trol y tes ,

glucose , BUN , crea tine , liver function tests , ESR , PT , PTT’ clotting

t ime , VDR ..~, chest x—ray , ECC , “Mono spot” test , were normal. Lumbar

punc ture , performed on the second hosp ital day because of persistent

headache and st i f f  neck , was en tirely normal. Routine cultures of

the throat , urine , blood , and CSF were negative.

lie was immediately begun on tetracycline , 500 mg every six hours,

by mouth. On the second hospital day , a few more macules were noted

on his chest; thereafter his rash faded quickly over 48 hours. His

recovery was uneventful ; he became afebrile by the fourth hospital day

• and was discharged on the fifth.

Data confirming RMSF are given in Table 1.

This technician worked primarily with Rickettsia tsutsuganiushi,

bu t uneven tful ly harvested R. rickettsii from cell culture six days

before the onset of his illness. This had been his only recen t

exposure to R. rickettsii.

PATIENT 8. A 19—year—old white female laboratory technician

was admitted to the USANRIID medical ward May 29 , 1976 , with a 24—hour

history of fever to 38.9°C (102°F) , fa tigue , myal gia , chills , swea ts,

and modera tel y severe f r on tal headach e . Physical examination revealed

temperature , 38.7°C (101.6°F), pulse, 120 per minute , blood pressure ,

130/70 mm Hg, and resp I r a t i o n s , 18 per m i n u t e .  The p a t i e n t  was

flush cd and d iap imoretic. There was a f a i n t  e ry thematous  m a c u l a r  rash

on her trunk and proximal extremities. Her admission laboratory da ta
4’ 
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• included : HCT 40 per cen t , WBC 7,900 wIth 6 per cent bands, 60 per cent

PMN , 1 per cent eosinophils , 1 per cent basophils , 1 per cen t monocytes ,

• and platelets , 135,000. Urinalysis showed mild proteinuria and heavy

ketonuria. Electrolytes , BUN , creatinine , glucose , liver func tion tests,

chest x—ray, ECG , PT, PTT , and clott ing time were all normal. Rou tine

cultures of the throat, urine , and blood were negative.

The patient was treated immediately with tetracycline, 500 mg

every six hours , by mouth .  By the second hosp ital day the niacular

rash had spread to involve the whole bod y ,  including the palms and

soles , sparing only the face. The rash faded quickly ,  disappearing by

the fourth hospital day. At this time she was afebrile and symptom—free.

- She was discharged on the f i f t h  hospital day .

Data confirming RMSF are shown in Table 1.

This patient worked daily with R. rickettsii. Her duties included

growing, harvesting, and concentrating rickettsiae. She could recall no

laboratory accident or break in technique. Her only documen ted

exposure was simply working with materials containing high titers of

• R. rickettsii.

PATIENT 9. A 21—year—old male veterinary technician was admit ted to

the medical ward of this Institute on October 7, 1976. Seven days prior

to admission, he was seen in the clinic comp laining of myalgia and an

unproductive cough. He was afebrile; no abnormalities were detected

on examination. Two days later , while on leave, he developed chills,

and occip ital headache. October 3 he was admitted to a community hosp ital

in Oh io. On admission there , his temperature was 38.2°C (100.8°F); it

soon rose to 40.0°C (104°F). lIe had a rash on his trunk and extremities

which was described as “red and macular.” Labora to ry f indings incl uded :

4’
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IICT 40 per cent , WBC 3,000 wIth 10 per cent bands , 64 per cent PMN , 20

per cent lymphocytes , 2 per cent monocytes and 4 p~ r cent eos lnophl ls ,

platelets of 52,000, sodium 131 mEq per liter , chloride 103 mE q per

liter potassium 3.4 mEq per liter and bicarbonate 23 mEq per liter. Cold

agglutinins were positive at a 1:8 dilution . Blood cultures , throat

culture and a “Mono spot” test were negative.

The patient was initially treated with procaine penicillin , but

was begun on tetracycline 1 g per day, intramuscularly, on October 6.

He remained febrile and was transferred to this Institute on October 7.

On admission his temperature was 38.3°C (101°F). Examinatiob

revealed a petechial rash involving the trunk and extremities,

including the soles of the feet, but sparing the palms and face. Shotty

cervical and axillary lymphadenopathy and a spleen tip palpable at the

lef t  costal margin were noted . Occasional rales were heard at the

right base . Laboratory data  included : HCT 40 per cent WBC 6,000

with 3 per cent band s, 53 per cent PMN , 43 per cent lymphocytes ,

1 per cent eosinophils and 2 per cent monocytes . The platelet count

was 152,000. Electrolytes, BUN , creatinine, urinalysis , PTT , PT, liver

function tests, and ECG were normal. Small bilateral pleural effusions

were seen on chest x—ray and lateral decubitus views. The patient was

immediately begun on intravenous tetracycline , 500 mg every 6 hours,

and recovered uneventfully. The pleural effusions cleared over 1 to 2

weeks. Laboratory data confirming the diagnosis are presented in table .1.

The patient was not involved in any studies with r ickettsiae ;

however, one week prior to onset of his Illness he spent approximatel y

15 minutes in a laboratory chatting with another technician who was

pipetting R. riekettsf I In a laminar flow hood . This was his only

known exposure.
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RESULTS

Table 1 depicts the results of Well—Felix (WF), complement fixation

(CF) , immunofluorescent antibody (IFA), lymphocyte transformation. (LT),

and rickettsial isolation studies as performed on our patients. The WY

OXl9 gave diagnostic (four—fold or greater) titer rises in five of six

patients, the 0X2 in one of five, the CF in five of nine, the MA in

five of eight , and the IFA in all of eight. LT data are expressed as

a stimulation index, that Is the ratio of counts per minute of

antigen stimulated cultures to counts per minute of cultures with no

antigen. The convalescent LT was positive in six of seven patients

tested (the 95 per cent confidence limits of unvaccinated individuals in

0.2—9.9, and of vaccinated [Lederle) individuals, 0.2—22.9). Rickettsial

isolation was positive in all patients tested .

Survey of Personnel

Table 2 depicts the results of MA , IFA , and LT of personnel

working in the Rickettsiology Division laboratories. Four of 13

had specific rickettsial antibody as measured by MA (normal < 8), and

nine of 13 as measured by IFA (normal negative at 1:10 dilution). Only

two of 13 had positive LT. Overall, nine of 13 personnel demonstrated

one or more indices of Immunity to 1. rickettsii. As a group , vaccinated

personnel of the Rickettsiology Division had s ignif icant ly higher IFA

titers and LT than vaccinated controls who had neither clinical RNSF

nor worked with R. rickettsii in the laboratory. Unvaccinated personnel

did not differ significantly from controls.

Using paired data from all personnel , exposed and unexposed ,

vaccinated and unvaccinated , LT was compared with MA and IFA using

~ 
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log/log linear regression analysis. LT sh owed significant correlation

with  MA ( c o r r e lat i o n  c o e f f i c i e n t  0. 17 , slope 0. 18, Y— inte rccpt 0.39)  at

a P value of 0.05 . The re was no sig n i f i c a n t  co r re la t ion  of L1~ wi th IFA .

4’
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DISCUSSION

In 1971 onl y one investiga to r  and one technic ian  were involved

In r icket ts ia l  s tudies  in this  labora tory .  By 1974 , this  number had

increased to seven invest igators  and ten technicians involved in

studies of R. r i ckett si i  pr imari ly concerning research , development ,

and evaluation of a new type of RMSF vaccine prepared f rom cell cu l tu re

grown organisms . Paralleling this  increase in personnel working wi th

rickettsiae was a concomitant increase in the incidence of laboratory-.

acquired RNSF. The nine patients with laboratory—acquired illness

reported here are of interest  because the circumstances s u r r o u n d i n g  the i r

occurrence strongly suggest that  disease was the result  of inhalati6n

of an infect ious  aerosol , a mode of transmission rarely recognized for

RNSF .

As an obligate , intracellular  parasite , R.  r i cke tt s i i  is

sensitive to the e f f e c t s  of dry ing,  ul t raviolet  i r r ad ia t ion, and

heat .  Natural  transmission to man is via the bi te  of a t ick

vector.  It can also be transmitted by accidental  inoculat ion with

a contaminated needle. 1’3 During the period covered in this report ,

there was no RNSF secondary to accidental  se l f—inocula t ion  desp i te

the occurrence of nine such accidents since January , 1975 (no

records were kept prior to this date). This is believed to be due

to the fac t  that all personnel immediately report such obvious

exposure , and are treated prop hylactically wi th  t e t racyc l ine, 250 mg

four  t imes per day for  five days.  No person t r ea ted  prop hy l ac t i ca l ly ,

developed a sig n i f i can t  serolog ic titer rise (subcl inical  RM SF) ,

or overt illness.

Tha i e x pe r im e n ta l  RMSF can occur a f t e r  aerosol c h a l l e n g e  is  well

documented .4 ’5 The disease Induced by aerosol exposure of monkeys  is

p• 
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similar clinically and pathologically to that seen when monkey~; are

challenged by other  rou tes  and resembles natur;ill y—ac~ t if red d I s e ;i ~;e

in man . Disease in our patients also closel y resciiible. naturally

acquired RMSF , although two points deserve comment. Only five ol our

cases had p rominen t  rash , while  two had an evanescent macular  rash ,

and two had no rash at a l l .  Hat twick  et a l . ’4 repor ted  oni y 55 of

1522 (3.6 per cent)  cases of RMSF had no rash.  Perhaps our hig h index

of susp icion resulted in early t rea tment  and consequen t ab la t ion  of

rash; conversely, our interest  may have resul ted in diagnosis  of

non—exanthematous cases which otherwise would not have been recognized .

Secondly, six of our patients had symptomi or signs of upper resp iratory

t rac t  involvement (one pat ient  had co inc identa l  i n f l uenza) , sugges t ing

local invasion of the resp i r a t o r y  t rac t  by the aerosolized r i c ket t s~ ae.

Only one pa t i en t  had physical and radiographic evidence of lower

resp i ra tory  t r ac t  involvement.

Our experience suggests that  laboratory personnel working w i t h

rickettsiae are frequently exposed despite careful adherence to

established procedures for  handl ing  hazardous  organisms .15 17 The

results  of such exposure are not uniform among our person nel , but

rather seem to follow two pa t t e rns .  First , older personnel , who

began working in these laboratories  before  1971 , were vaccinated wi th

the commercial (Lederle) RNSF vaccine.  They now have high levels

of immuni ty ,  sign i f i c an t ly exceeding the vacc inatcd  con t ro l s , and

18none ever had clinical RMSF . Dupont et al .  demons t ra ted  the l ack  of

protective efficacy of the commercial vaccine in the specific instance

when I t  i s  g iven as three weekly i nj e ct i o ll s , and f o l l o w e d  by i nt r a d er m a l

chal lenge wi th  v i r u len t  r ic k c tt s iae  three to 17 month s  l a t e r .  However ,

4’ 
In our group of vaccina ted  personnel , most of whom received the  three
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pr linary in jec t  ions and several subsequent  boost -er :; , t h e  VL l (  m e  scents

to have induced p r o t e c t i ve  i m m u n i t y  to the  low l evel aerosol d ial I cnges

generated b y l abo rato ry  procedures .  R n t I i c~r than cau s in g  i l l  iless I i )  i h i  is

group, these r e p e t i t i v e  c h a l l e n g e s  have a p p a r e n t l y  served to boost vacc Ine—

induced Immunity. Newer personnel , those arriving since 1971 , when

v a c c i n a t i o n  of a t — r i s k  personnel  was d i s c o n t i n u e d , have e st ab l i shed  a

d i f f e r e n t  response pa t t e rn . They a r r i v e  wi th~ no ex i s t ing  i m m u n i t y  to

RNSF, and when exposed to the aerosols generated dur ing t h e i r  rout ine

labora tory  procedures , develop cl inical  RNSF. Onl y two vaccinated

pa t ien ts  deviated from these pa t t e rns , and developed clinical illness.

However , both had received onl y the primary immunizat ions  wi th  no booster

immunizat ions.  Also , one of them (pat ient  3) undoubtedly was exposed

to a very large challenge dose of r ickettsiae which may have overwhelmed

whatever p ro tec t ive  immuni ty  he had .

We have observed no secondary spread of RNSF , r e in fo rc ing  the

concept tha t  this disease is not direct ly t ransmissible from person

to person , but there are several f ac t s  which suggest  tha t  person—to—

person spread may be possible.  First , RNSF can be t r ansmi t t ed  via

aerosol , and the infect ious dose necessary to cause i n f e c t i o n  b y this

route may be very small. 4 Second , pa tho log ical  resp i r a t o r y  t rac t

involvement has been demons t ra ted  in both an imals 19 and man . 2°

}lattwick et al. 2’ have reported c l in ica l  pneum on i t i s  in 12 per cen t  of

338 cases. Johnson and Kadul l 1 reported one p a t i e n t  f rom whom t h e y  were

able to isolate r icke t t s iae  in pharyngeal  washings .  Third , six of

our p a t i e n t s  had symptoms or signs of upper resp i r a to ry  t rac t

involvement , i n c l u d i n g  three  wi th  a cough . Thus , the re  is a p o t e n t i a l

f or d i rec t  p e r son—to—person  spread via  i n f e c t i o u s  aerosol produced

4’ 
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by the cough of a pat l e n t  w i t h  respiratory tract involvement .

Indeed , we cannot cxci tide this possible m ode of t r a n s m i s s i o n  b e t we en

pat fonts 7 and 8, ;l thotigh it Is more probable  t h a t  each was d i  r e ( - t  I >‘

exposed in the l abo ra to ry .  Of all  reported cases of RMS F 4 . 4  per ( l i l t

occurred in individual s living in the same r esidence , 14 an d t he r e  ;i r ~

many repor t s  of concurrent  cases w i t h i n  families involving as man y as

22,23eight ind iv iduals .  Direct  pe r son—to—person  respira tory

spread of RNSF’ i s  an I n t r i gu ing ,  a l t h o u g h  unproven , e x p l a n at i o n  for

these concur ren t  cases .

Having recognized the aerosol hazard of l abo ra to ry  work wi th  R.

r i cke t t s i i,  we would g ive prop hy lact ic  te t racycl ine  t r ea tmen t  to all

personnel who have had an overt aerosol exposure. A d d i t i o n a l l y ,  because

RNSF can occur without  recognized exposure , we reccommend that any

suspicious febr i l e  illness in personnel working wi th  rid1~-2 tt s ia e  also

be treated . Ultimate control of laboratory—acquired RNSF , however ,

will  await the development of a more e f f ec t i ve  v a c c i n e .  A new vaccine , 24

developed in this laboratory , has sh own efficacy in animal studies ,25

and has undergon e initial safe ty and immunogenicity studies in man .
26

Coonrod and Shepard 7 have reported lymphocyte  b las togenic

responsiveness in humans to r i ckett s ia l  an t i gens a f t e r  bo th

vaccination and disease. We were not able to demonst ra te  increased

responsiveness to R. r i cke t t s i i  ant i gen in i n d i v i d u a l s  p rev ious ly

vaccinated but  not working w i t h  the organism . However , we were

able to demonstrate significantl y hi gher levels of responsiveness in

vaccinated personnel currently working with R. r i c k ct t s i i , and after

clinical RM SF in six of seven patients. Four of these patients

were studied only after their illness , and we are unaware of the status

of their responsiveness before illness. In our last three patients ,
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l ymp hocyte  responses were measured serially. Patient 7 had not developed

r e spons iveness  when l a st  i imcasured one mont Ii a f te r  h i s  I l l n e s s , w h i l e

Pat  lemi ts 8 amid 9 developed responsiveness more than a month after tliei r

Illnesses. We are unable to offer a sat i s fac t o r y  exp l a n a t i on  for  the

lack of responsiveness of P a t i e n t  7. Perhaps  lie may have deve loped  a

positive response later , hut his depa r tu r e  f rom th is l a b o r a t o r y  pr evcnLed

further testing. Certainly LT compares favorabl y to other currently

available diagnostic techniques for RMSF , and may be a sensitive

indicator of cellular defenses required for protection against these

intracellular parasites.

Diagnosis of RMSF in cl in ical prac t ice mo st of ten depend s upon

CF or WF tests; rarely, rickettsial isolation is performed . Hattwick

et al.
14 recen tly reported that those cases confirmed only by ~F were

ind ist inguishable , clinically or epid emiologicall y ,  from CF and rickettsial

isolation—confirmed cases , demonstrating the usefulness of the WF test.

They suggest , however , that due to greater specificity and sensitivity,

“the complement fixation test . . . where available , should be used in

preference to the Weil—Felix test.”
14 Our data do not confirm this

preference for the CF test. In our hands the CF test was negative in all

patients; when repeated at the Center for Disease Control , only f i v e  of

the nine patients had four—fold or greater rises in the CF titer. The

CF test was less sensitive than either MA or IrA , and confirms similar

observa tions  made by Phil ip et al.  of the Rock y M o u n t a i n  Lab o r a t o r i e s . 2.
7

C o n s e q u e n t l y ,  we do not suggest re l iance  on the  comp l ement f i x a t i o n  t es t

a lone ; t h e  We t i — F e l i x  t es t  should be m c i  uded in  a l l  cases of su spe ct

F~MSF . I f  pos~; ib l  e , the MA , IFA , LT , or r I c ket t s  m l  isol at  ion  sh i o u l d

also be pe r fo rmed .
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Table 2. RickettsLml Mlcroagp .limtination (MA), Indirect Fluorescent
Antibod y (IF’A) , and Lymp hocyte Transformation Stimulation
Indices (LT) in l’ersonnel C u r r e u L l y Worki n g w i t h
R i c ket t s ia  r ick et t s i i  wi th no History of Clinical Rocky
Mountain Spotted Fever

Months Total Reci p rocal Tit er

Subject Since Last Number of MA IFA LT
Vaccination Vaccinations

Vaccinated Personnel

1 101 6 4 40 3.0
2 102 12 2 <10 5.9
3 79 3 8 320 7.0
4 100 7 512 10,240 10.6
5 72 5 16 1,280 65.7
6 86 7 8 1,280 11.0
7 100 3 4 80 28.0
8 100 7 32 80 3.7

Mean* 92.5 6.2 12 226 10.2
—1 SE 88.3 5.2 7 97 7.1
+1 SE 96.7 7.2 23 529 14.7

Vaccinated Unexposed Controls
(Number
of Controls)  (92) (92) (68 ) (68 ) (79)

Mean * 125.1 5.2 5 22 2 .4
—1 SE 72 .4  3.0 4 18 2 .1
+1 SE 177.8 7 .4  5 27 2 .7

P value NS NS NS <0.005 <0.001

IJnvaccinated Personnel
9 4 <10 3.3
10 16 lC 2.2
11 8 <10 1.1
12 2 <10 2.6
13 4 160 0.5

Mean* 5 12 1.6
—1 SE 4 6 1.1
+1 SE 8 22 2.2

f l n v a c ci n a t ed Un&~~~oscd Contro 1s
(N umhy~r of controls) (63) (61.) (86)

- 

. Mean * 4 6.0 1.6
— i SE 3 5.5 1.4
-f-I SE 4 6.5 1.7

P value NS NS NS

—_ 
*(;eoi~~ t. r h: means arc given for MA , IFA , and LT.
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