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Antibody and antibiotic action on Rickettsin prowazeki in body lice
across the host-vector interface, with observations on strain virulence and
retrieval mechanisms. Am J Epidemiol 98: 262-282, 1973.—Using a
membrane feeding technique to administer known quantities of rickett-
siae, antibodies and antibiotics, the influence of a series of variables in
the host-vector-agent interaction on the replication of Rickettsia pro-
wazeki in the human body louse was examined. Rickettsial replication
and louse death patterns were indistinguishable whether the lice were
infected with the virulent Breinl or the attenuated E strain. Ingestion
of blood containing clinically attainable levels of doxycycline or rifam-
pin inhibited rickettsial growth in lice and delayed their death from in-
fection. However, 4 days of “treatment” with either antibiotic failed to
eradicate the rickettsiae from the lice and, after a delay, peak rickett-
sial populations equalled those of untreated controls. Antibodies in
serum from a person solidly immune to typhus had no influence at any
stage on the rickettsial infection in the louse. The ricketisiae excreted
by such lice had detectable amounts of immunoglobulins on their sur-
face. Regardless of strain virulence for man, or the presence or absence
of antirickettsial antibodies or of prior exposure to antibiotics, the rick-
ettsiae attained a peak population of 1-2 x 10% organisms per louse.
Some of the conclusions drawn from these studies and bearing on the
epidemiology and control of typhus are as follows: 1) Body lice do not
appear to discriminate between rickettsial strains of high and low
viralence for ‘man and, in nature, might be capable of transmitting
strains of low virulence if available in the blood. 2) Effective antibiotic
therapy does not eradicate the rickettsiae from infected lice feeding
upon treated patients. The prolonged survival of “wreated” infected
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lice increases the opportunity for typhus transmission and enhances
the possibility for the selection of antibiotic resistant rickettsiae. The
importance, therefore, of effective louse control measures concurrent
with antibiotic therapy is emphasized. 3) If rickettsiae are present in
sufficient numbers in the blood of immune or partially immune individu-
als, lice should be able to (a) retrieve them, (b) provide a favorable en-
vironment for their massive replication and (¢) reintroduce them into

the transmission sequence.

antibody; antibiotics; body lice, Pediculus humanus humanus; doxy-
cyline; immunity; Rickettsia prowazeki; rifampin; typhus

InTrRODUCTION

The interaction between the human body
louse, Pediculus humanus humanus L., and
the etiologic agent of epidemic typhus
fever, Rickettsia prowazeky, was the subject
of numerous productive investigations be-
tween the time of the discovery of the vee-
tor role of the louse by Nicolle et al. (1) in
1909 and of the microbial agent by Ricketts
and Wilder (2} in 1910, on the one hand,
and the immediate post-World War II pe-
riod, on the other. When insecticides, vac-
cines and chemotherapeutic agents ap-
peared to provide adequate means for the
control of this age-old scourge of mankind,
interest in the subject waned precipitously,
leaving many important biological ques-
tions unanswered.

But in 1973 it can be said still, as Zinsser
did in 1934 in the closing paragraph of his
Bats, Lice and History (3) before modern
control measures were fully developed, that
typhus is not dead. It has indecd lingered
and continues to provide some surprises,
The recent epidemic of louse-borne typhus
in Burundi has forcefully called attention
to the inadequacies in our ability to control
and eliminate the disease (4, 5).

During the course of our field studies in
Burundi, begun in 1967, questions began to
arise concerning the possible epidemiologie
significance of a series of variables which
we were manipulating, e.g. host immunity,
chemotherapy, virulence of R. prowazeki,
on the interactions which take place within
the louse and which might affeet its veetor

capacity. Accordingly, we studied some of
these variables in the laboratory where
quantitative observations could be made
under controlled econditions with modern
techniques and interpreted in the context of
evolving concepts of immunity, genetics and
host cell-rickettsia interaetions. The results
would appear to provide some insights into
the natural history of louse-borne typhus
fever, to have practical implications with
regard to typhus control and to predict the
possible development of serious problems
for the future.

MATERTALS AND METHODS

Rickettsiae

The Rickelisia prowazeki employed in
these studies was a single preparation of
either the Breinl (virulent) or B (atten-
uated} strains which had been propagated
in the yolk sac of embryonated hen’s eggs
in the conventional manner. The PBreinl
strain yolk sac homogenate was partially
purified by centrifugation in suerose (6),
resuspended in sucrose PG solution (7) and
then shell-frozen in small aliquots in a dry
iee-aleohol bath, The E straln yolk sac ho-
mogenate was simply subjected to low
speed centrifugation following which the
mid-zone was distributed to ampoules and
frozen as above. The frozen rickettsial sus-
pensions were stored at —70 C until used.
The eggs, in which the rickettsiae were
propagated, came from conventional pullo-
rum disease-free flocks which were not vac-
cinated against Neweastle disease and
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Tanne 1
Some characieristics of R. prowazcki
preparations wred (o infect lice

R, prowaseli | R, frowaseki
Breinl strain| ) strain
Preparation No. .
MeD-6/29/71 3-C-4
Type of preparation p;ll;::zlelg yozl?{%ac
164 yolk sac | 270 yolk sac
Passage level pgrssagc passage
Riekettsial bodies/ml 101037 1Q10.38
Egg 11);0/ml 1010.49 10883
Plaque forming units/ml 107-92 10782
Guinea pig 1.p. IDse/ml 10899 10s-68
Mouse toxie LI};e/ml 67.4 102
Hemolytic units/ml’ 66 111

which were maintained on antibiotic-free
feed. They were not regarded as leukosis-
free. Some characteristies of the ricketisial
suspensions used in this study were re-
corded in table 1.

Rickettsial body count was made by the
method of Silberman and Fiset (8). The egg
1D;, was determined by inoeculating 0.2 ml
of serial tenfold dilutions into the yolk sac
of six- to seven-day-old embryonated hen’s
eggs (10-12 eggs/dilution), incubating at 35
C, discarding as nonspeeific the eggs which
died in the first four days of incubation,
confirming by Giménez-stained (9) volk
sac smears the speclieity of deaths occur-
ring between days 5 and 12, inclusive,
smearing the yolk sac of eggs surviving on
the 12th day and usirg the cumulative rick-
ettsia-positive smears for calculations. The
guinea pig ip. IDs was determined on the
basis of serologic conversions, using typhus
soluble antigen in thce microtiter comple-
ment-fixation (CF) tests (10) on serum ob-
tained 28 days after intraperitoneal inocu-
‘lation of serial tenfold dilutions of the riek-
ettsial preparations into 400-1000 gm
guinea pigs. The mouse toxie LDy was de-
termined by 0.5 ml intravenous inoculation
of serial twofold dilutions of the rickettsial
preparation into the tail vein of 16-20 gm
-white Swiss mice, four mice per dilution,
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and counting the deaths 24 hours later. The
50 per cent endpoints of these three titra-
tions were determined by the method of
Reed and Mueneh (11}, Plaque forming
units (PFU) were quantitated by the
method of Wike et al. (12). Hemolytic
units were measured by the short method
(13}, one hemolytic unit being equivalent
to an absorbance of 0.3 at 545 nm after all
additions, as determined in a Spectronic 20
(Beckman) spectrophotometer using 0.5 in
tubes. Diluents for the rickettsial prepara-
tions were sucrose PG (7) for the egg 1D;,
and guinea pig L.p. 1Dz, Snyder 1 {14) for
the mouse toxie LDy, brain heart infusion
broth for the PFU (12) and sucrose PG
containing 0.01 M MgCl: for the hemolytic
test (13).

Typhus-tmmune subjects and sera

A single adult man, seolidly immune to
typhus by infection, multiple vaccinations
and percutancous and respiratory chal-
lenges with virulent organisms, served both
as host to typhus-infected lice in certain
experiments and as the source of typhus-
immune serum. The single lot (V-19224) of
immmune serum from this subject used in
this study had a titer of 256 in the CF test
using typhus group (soluble} antigen and a
toxin neutralizing antibody titer of 480
against 2.8 LDje of epidemic typhus toxin.
Serum from this same immune subject had
been used in other studies on irnmunity in
typhus in these laboratories (15). A single
lot (V-19390)} of serum from an adult male
who had no history of exposure to typhus or
vaccination against typhus was used as a
normal control serum. It had a titer of <2
in both the eomplement fixation and toxin
ncutralization tests.

Antibiotics

Doxyeyeline hyclate, a tetraeycline de-
rivative  («-6-deoxyoxytetracycline) ob-
tained as a powder from Chas. Pfizer and
Company (Lot 85525-58002, potency 850
ng/meg), was prepared as a stock solution
containing 1 mg/ml in distilled water. Ri-
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fampin, obtained from CIBA-GEIGY Corp.
as a powder (Rimactane, lot, K-3886), was
prepared as a stock solution containing 1
mg/ml by first dissolving the antibiotie in
dimethylsulfoxide and then diluting to a
final concentration of 20 per cent di-
methylsulfoxide in distilled water. The stock
antibiotic solutions were sterilized by mem-
brane filtration. Dilutions to achieve the
desired final concentration of 5 pg/ml were
made in defibrinated rabbit blood. A di-
methylsolfoxide control was prepared in the
same manner, omitting the antibiotic.

Human body lice (Pediculus humanus
humanus L)

Source of colony. A small colony of human
body lice adapted to fecding on the labora-
tory rabbit (16) was establish from stock
provided by Dr. J, W, Vinson from the co-
lony at the Harvard School of Public
Health. This colony, originally obfained
from the U.8. Department of Agriculture
Entomology Rescarch Laboratories while
still located in Orlando, Florida, had been
maintained in Boston by feeding on rabbits
for about a decade prior to the establish-
ment of the Baltimore colony.

Rearing methods. Lice were kept on small
squares of felt or wool cloth in glass heak-
ers which were held at 32 C in closed desic-
cator jarz where a relative humidity (RH)
of 52 per cent (= about 5 per cent) was
maintained with reagent grade sodium di-
chromate (17). The lice, confined in a metal
ring, were fed daily {(about 20 minutes) on
the clipped and depilated (Nair) abdomen
of male New Zealand white rabbits, while
they were restrained in a trough {18, 19). A
vigorous colony was maintained for about
10 months.

Standard lice for studies. All cxperiments
were performed with “standard lice.” A
standard louse was defined, after Fuller
(20) as a female louse that, at the time of
infection, is 1) 24~72 hours old as an adult,
2) has ingested a single blood meal from a
normal rabbit approximately 24 hours prior
to use (when it was an adult for 48 hours or
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less) and 3) has been maintained at 32C "
and 52 per cent RH during the 24-hour pe-
riod immediately preceding use.

Feeding of lice on human subjects. The
fice, on a small square of black felt eloth in
a traditional louse feeding capsule (21),
were applied to the skin of the leg of the
subject, covered with a small plastic sheet
and held in place under an elastic sock for
about one hour. The skin and plastic sheet
were deeontaminated with 70 per cent
ethanol at the time the capsule was re-
moved.

Artificial feeding of lice. After reviewing
the methods for infecting lice with R. prow-
azeki, the intra-rectal injection method of
Weigl (22) was rejected in favor of the
more nearly natural route deseribed by
Fuller et al. (23) of feeding on rickettsia-
containing blood through a chick skin mem-
brane, from which down and feathers had
been elipped. The skin, removed aseptically,
was glued with Duco cement to one end of a
small plastic cylinder. To prevent leakage
of the meal into the chamber, the piece of
skin used was large enough to extend about
! em up the cutside of the eylinder and the
inner junction between the eylinder and the
skin was sealed with paraffin. The evlinder
wasg placed in a small beaker, which con-
tained the test meal, shortly after the
beaker had been placed in a water bath at
34-35 C. Lice were transferred to the mem-
brane on a felt square, which was soon re-
moved to force the lice to remain on the
membrane. Although most lice finished their
meal within 20 minutes, they were allowed
to feed for a total of 45 to 50 minutes. Any
lice that were not fully engorged were dis-
carded. Replete lice were kept at 32 C and
52 per cent RH in a separate, small desicea-
tor jar; were given additional experimental,
but not infective, meals if required; and
were then fed daily on a normal rabbit for
the remainder of the experiment. A new
rabbit was used for each experiment involv-
ing infected lice. '

Standard lice were infected with E. prow-
azeki by allowing them +to feed onee
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through a membrane on a mixture of equal
parts of fresh, defibrinated rabbit blood and
volk sac seed diluted in sucrose PG solu-
tlon. Antibiotics werz administered to lice
by allowing them to feed through a mem-
brane on fresh, defibrinated rabbit blood
containing the desired concentration of an-
tibiotie.
Detection and quantitation of
R. prowazeki in lice

For qualitative or semi-quantitative de-
termination of R. prowazek: in body lice,
the mid-gut of either live or freshly dead
lice was carefully smeared on a clean, dry,
glass microscope slide. The smears were
routinely fixed in methanol and stained
with Giemsa stain but, on oceasion they
were stalned with the Giménez stain (9)
after heat fixation. From time to time the
identity of the organisms in the lice was
verified by fluorescence microscopy after
staining acetone-fixed smears with a flucres-
cein-conjugated rabbit anti-typhus serum
{see below). The relative number of rick-
ettslae in each louse mid-gut was semi-
quantitatively scored on an arbitrary 14
through 4+ seale. The score of 1+ was given
to a smear in which rickettsiae were very
rare or seem as a cluster only in one oil
inomersion field whereas the score of 44 was
given to a smear in which almost solid
masses of rickettsiae were present in practi-
cally every field.

Quantitative determinations of rickettsial
numbers were made from pools of lice
which were thoroughly ground with a Tri-R
motor-driven tissue homogenizer equipped
with a teflon pestle in a measured amount
of phosphate buffered saline, pH 7.0, con-
taining 0.5 per cent formalin. Aliquots of
such whole louse hornogenates were found
to be suitable for counting by the method of
Silberman and Fiset (8). If stained smears
of the louse homogenates revealed the pres-
ence of bacteria in addition to the rickett-
siae, rickettsia/bacteria ratios were deter-
mined by counting droplets from prepara-
tions with and without the reference bac-
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terial suspension and correcting for the con-
taminating bacteria accordingly. In no case
was the number of bacteria sufficient to af-
feet the counts.

Detection of tmmunoglobulins on R.
prowazeki in louse feces

Lice infected with B. prowazeki were fed
once per day upon a typhus-immune person
until the majority of the lice were replete
with blood. After feeding, louse feces falling
through the capsule mesh were collected di-
rectly into 2-3 ml isotonic preservation so-
lution (pH 7.5 phosphate buffered saline
containing 1:5000 merthiolate}. When defe-
cation had essentially ceased, the fecal sus-
pension was reduced to a very fine suspen-
sion with a Tri-R motor-driven homoge-
nizer and then was centrifuged for 20 min-
utes at 28,000 X g in a Spinco SW-65 rotor.
The supernatant fluid was drained thor-
oughly, the inside wall of the tubes was
dried carefully with absorbent tissue and
the pellet was resuspended in 0.025-0.05 ml
pH 7.5 phosphate buffered saline,

Smears of suitable rickettsial density for
fluorescent antibody studies were dried rap-
idly in a stream of warm air, fixed for five
minutes in acetone at —10 to —20 C, dried
quickly and stored at —20 C in a desiceator
until used. The identity of the organisms in
the smears as E. prowazeki was vertfied by
staining with a fluoresceln labeled rabbit
anti-typhus conjugate prepared in these
laboratories, Previously determined optimal
dilutions of the following fluorescein conju-
gated anti-globuling were made in 10 per
cent normal volk suspension in pH 7.5
phosphate buffered saline containing 0.5 per
cent Evans Blue stain: horse anti-human
gamma globulins {Roboz-Progressive Labo-
ratories), rabbit anti-human IgM (Cap-
pel), rabbit anti-human IgG (Cappel), and
goat anti-human IgA (Cappel), goat anti-
rabbit IgG (Microbiological Associates),
rabbit anti-guinea pig IgG (Microbiological
Associates). Uneonjugated “Hoat” anti-hu-
man serum (Kallestad) was used to block
specific staining by the fluorescein-labeled
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TaBLE 2

Amouni of defibrinated rabbit blood ingested by a
slandard louse by the membrane
feeding lechnique

Mean

. Ti £ H
Experiment No. Il‘lfré’é wcig]-:mg g.fter w;}j]l:t H
feeding {ma)
1 11 | 5-20 min. | .46 | 0.3382
2 11 | 1-3 min. | 1.87 | 0.3968
Mean of 1 and 2 i

conjugates. Smears of processed louse feces
were ineubated at room temperature for 60
minutes with the desired conjugates,
washed for 10 minutes in pH 7.5 phosphate
buffered saline, dried, mounted in buffered
glycerine and examined under an American
Optical Co. Fluorostar microscope with a
Schott BG-12 exciter and 0G-1 barrier
filter.

A geries of preliminary studies and con-
trols showed that merthiolate was a satis-
factory preservative for collection of anti-
body coated rickettsiae but that 0.1 per
cent sodium azide was not. Fixation in cold
acetone was shown to preserve the reactiv-
ity with fluorescent antiglobulin of human
anti-typhus immunoglobulins combined in
vitro with rickettsiae. Typhus rickettsiae
suspended in normal human serum and
processed as described above for louse feces
gave no indieation of nonspecific adsorption
of human immunoglobuling when tested
with the appropriate fluorescein-labeled
conjugates listed ahove; nor did the rickett-
slae in the feces of infected lice fed upon
normal rabbits adsorb rabbit immunoglobu-
lins nonspecifically. Feces from uninfected
lice exhibited no nonspecific fluorescence
with the above reagents. On the basis of
these preliminary studies, the procedures
and reagents were judged satisfactory for
the detection of human immunoglobulins on
typhus rickettsiae in louse feces.®

3Some commercial fluorescein lazbeled eonju-

gates, especially those prepared in goats, contain
substances which react directly with rickettsiae
which have not been exposed to typhus antibodies,
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ResurTs

Comparison of virulent (Breinl strain)
and attenuated (B strain) R.
prowazeki in body lice infected by
a membrane feeding technique

Volume of blood ingested by standard lice.
Calculation of the quantity of rickettsiae,
antibody or drug ingested per feeding re-
quired an aeccurate knowledge of the
amount of blood ingested per louse when
feeding to repletion through the chick mem-
brane. Thus, standard lice, previously
weighed individuailly on a semi-micro bal-
ance, were allowed to feed to repletion on
fresh defibrinated rabbit blood through a
chick membrane and were weighed individ-
ually again immediatedly after completion
of the meal. :

The results of two such experiments, re-
corded in table 2, revealed that our stand-
ard louse ingested through a chick mem-
brane a mean of 1.41 mg of defibrinated
rabbit blood when fed to repletion under
the conditions established as routine in this
laboratory. Weighing imbiediately after
feeding was important for accurate esti-
mates of the amount of blood ingested he-
cause within the hour after fecding the
louse excretes a considerable quantity of
clear fluid, presumably representing the
elimination of excess water by Malpighian
tubule action (24, 25), which amounted to
approximately 18 per cent of the weight of
the blood ingested. The lice were not ob-
served to defeeate during this period of
time.

The mean quantity of ingested blood
{1.41 mg) for a standard female louse de-
termined in this study was somewhat

greater than that reported by previous

workers—0.89-1.058 mg (20, 21, 26, 27).
However, none of these investigators re-

possibly because they may contain cross-reacting
antibodies (murine typhus, Rocky Mountain spot-
ted fever). Each conjugate must be carefully
tested and those staining typhus rickettsiae di-
reetly must be discarded.
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corded the excretion of clear fluid following
feeding,

Artificial feeding of lice by the membrane
technique proved to be surprisingly efficient.
Under proper concitions, almost 100 per
cent, of the lice would feed to repletion
through the membrane on several consecu-
tive days and the amount of blood ingested
was equal, within experimental variation, to
that ingested from rabbits.

The IDsy of the Breinl strain of R. prow-
azekl for standard body lice infected by
membrane feeding technique. Three sepa-
rate experiments were performed to estab-
lish the 1Dy of the Breinl strain of E.
prowazeki for standard lice (LIDg,) al-
lowed to feed by the membrane technique
upon dilutions of the yolk sac stock prepa-
ration made in fresh defibrinated rabbit
blood. After feeding to repletion on the ex-
perimental meal, the lice were maintained
at 32 C and 52 per cent RH except while
feeding on normal rabhits throughout the
12-day post-infective observation period.
Giemsa-stained smears from the mid-gut of
lice dying during ‘he observation period
were examined individually for rickettsiae,
The experiments vrere arbitrarily termi-
nated after 12 days of observation. Lice re-
maining alive at this time were sacrificed
and cxamined for rickettsiae as described
above,

The first two experiments were essen-

TaspLe 3
Relative infectivily of R. prowazeki
(Bremnl) for standard body lice

No. in one
Measure of rickettsia
LIDg* LIDioc*
Dilution of seedt 10520 10Q-3.69
Rickettsial bodies 209 G457
PFU (chick embryo cells) 0.74 24
Guinea pig i.p. 1Dy, 0.09 2.8

* LID s = Louse 50%: infectious dose. LI 100 =
Louse 100% infectious dose.

11 ml undiluted seed contained 10895 LIDg,
and 10658 LIDge; LID 100/LI s = 32.4.
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Figure 1. Estimation of the louse 1Dy and IDyw
for the Breinl strain of R. prowazeki by feeding
through a membrane on graded dilutions of rick-
ettsial stock, Presence or absence of infection was
determined by microscopic  cxamination of
(Giemsa-stained smears.

tially range-finding tests performed with
tenfold dilutions of the stock R. prowazek:
preparation whereas the third experiment
was performed with half-log dilutions about
the estimated ID;, Results of the three ex-
periments are recorded in table 3. The ob-
servations of all three experiments were
combined and the resulting data were also
plotted graphically in figure 1, yielding es-
sentially a linear relationship between the
logio dilution of the rickettsial stock prepa-
ration and the per cent lice infected.

As observed previously by others (20, 26,
28-32}), the death pattern of body lice from
B. prowazekt infection is dependent upon
various factors, such as dose, temperature,
ebe., within certain limits. Figure 2, using
data from the titrations just described and
the higher doses used in control groups in
subsequent experiments, portrays the death
pattern of standard body lice infected with
different doses of the Breinl strain of R.
prowazeki by the membrane feeding tech-
nigue, Subsequent feedings were on normal
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Figure 2. Death patterns of standard bedy lice
infected with different doses of R. prowazeke,
Breinl strain, by the membrane feeding technique
and subsequently fed upon normal rabbits. Thesc
data were extracted from a large series of experi-
ments. Data from matching uninfected control
groups are not available in all instances; however,
the deaths observed in the lice infected with
0.16-1.62 LID: were not substantially greater than
that observed {rom time to time in uninfeeted lice
maintained under identical conditions (range 17-38
per cent) for days 3-12.

rabbits. In all instances, the lice were held
at 32 C and 52 per cent RH between feed-
ings. The highest dose employed, ie., 324
LID;, or 102 organisms per louse, was ap-
parently not sufficient to kill appreciable
numbers of lice by the toxic action de-
seribed for intra-rectal inoculation {30, 33,
34).

Comparison of growth of wvirulent
{Breinl) and attenuated (F) strains of R.
prowazekl in standard lice afler infection
by membrane feeding. The capacity of the
virulent Breinl and attenuated E strains of
R. prowazekt to grow in, and kill by infec-
tion, standard lice under similar conditions
was compared in a single experiment. A di-
lution of each rickettsial preparation, repre-
senting 234 PFU Breinl strain per louge and
466 PFU [ strain per louse, was prepared
in fresh, defibrinated rabbit blood. A sepa-
rate group of standard lice was fed to reple-
tion by the membraide technique on each
inoeulum. The lice were held together under
identical conditions (32 C, 52 per cent RH),
fed daily on normal rabbits, and observed
for deaths. Each louse which died during
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the experiment was examined microscopi-
cally for rickettsiae. On day 6, 10 living lice
were removed from each group for homog-
enization and counting the total number of
rickettsiae per louse. All lice remaining
alive in each group on day 7 (cight Breinl
and 11 I strain) were sacrificed and treated
in a similar manner. The experiment was
thus terminated when the mortality in both
groups had attained 70-80 per cent in order
to provide material for determining the
total number of rickettsia per lousc for each
strain at the peak of infection. Indeed, red
lice® were present in both groups on both
days. Although the experiment was not cax-
ried undisturbed to 100 per cent mortality
from infection, there is little likelihood thai
the events in the next day or two in an
undisturbed  experiment would have
changed substantially the interpretation.
The cumulative death patterns for the
two groups of lice were essentially indistin-
guishable from one another (figure 3). Ap-
proximately 80 per cent mortality oceurred
in both groups at the same time. Compara-
ble numbers of virulent and attenuated
rickettsiac were found in smears of lice
dymmg in each group on each day during the
experiment. Direct counts of the total num-
ber of rickettsiae per louse made at the
peak of infection (living lice, some red, on
days 6 and 7) revealed remarkably compar-
able numbers for both virulent and atten-
uated strains, i.e., around 10% organisms per
louse. Thus, both the Breinl and E strains
of R. prowazeki kill-lice by infection at
comparable rates and attain essentially the
same final numbers in moribund lice, ie,

¢“Red lice,” so familiar to students of typbus,
derive their color from contamination of the hem-
olymph with blood or hemoglebin which has es-
caped through a defect in the gut wall caused by
the massive destructive infection with K. prowa-
zeli. A gelatinous mass of “blood” is often present
in the anterior mid-gut. Ocecasionally, “pseudo-red
lice,” usually of a darker color, are observed in
colonics not infected with R. prowazeki, some-
times apparently the result of mechanical obstruc-
tion of the gut.



