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DESTRUCTION OF RICKETTSIAE 

Carol A. Nacy 
Stanley C. Oaks 

I. INTRODUCTION 

The rickettsiae are obligate intracellular bacteria that 
infect a variety of cells in vitro, including macrophages 
(1 - 3). The process by which rickettsiae enter cells is un-
known, but may involve "induced phagocytosis" in a manner simi-
lar to that described for Chlamydia (4). Both host cell and 
rickettsia must be metabolically active for penetration to oc-
cur, and the rickettsiae are initially bound by a host-derived 
phagocytic vacuole. Within 15 min the phagosome is destroyed, 
and the rickettsiae are free in the cytosol of the cell. 
Rickettsia tsutsugamushi, the etiologic agent of scrub typhus, 
replicates preferentially in the cytoplasm of the perimiclear 
region of the macrophage (1). As with all rickettsiae in the 
spotted fever groupr R. akari, the etiologic agent of rickett-
sial pox, replicates in both the cytoplasm and the nucleus (5). 

The rate of replication of rickettsiae varies with the host 
cell. In cultured peritoneal macrophages of mice, R. tsutsuga-
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mushi doubling time is approximately 18 - 20 hr. Rickettsia 
akari, on the other hand, replicates more rapidly, and has a 
doubling time of 12 - 15 hr. Both rickettsiae migrate out of 
infected cells a short time after they begin replication: 
Secondary infections of cultured cells occur immediately with 
R. akari, and after 2 days with R. tsutsugamushi (1). 

Several studies suggest that immunologically activated mac-
rophages are effector cells of antirickettsial immunity in vivo 
and in vitro (6 - 9). The role of macrophages in immunity to 
rickettsial infections was further emphasized in studies with 
i?. akari. Certain strains of mice fail to develop activated 
tumoricidal macrophages after treatment in vivo with BCG or 
C. parvum, or in vitro with lymphokines (13): Macrophages from 
these same mouse strains failed to develop rickettsiacidal ac-
tivity after treatment with macrophage activating agents, and 
mice were highly susceptible to the lethal effects of R. akari 
infection (10). Analysis of macrophage activation for rickett-
siacidal activity indicates two separate and distinct mechanisms 
by which the activated macrophage remains free of intracellular 
rickettsiae (9): 

(1) When macrophages are pulsed with lymphokines 4 hr prior 

to rickettsial infection, substantially fewer treated cells con-

tain intracellular rickettsiae immediately after the rickettsial 

adsorption period. The rickettsiae lose their infectivity for 

macrophages: 35% fewer viable rickettsiae can be recovered 

from macrophage lysates in treated cultures compared to control 

macrophage lysates. This loss of rickettsial infectivity is not 

due to soluble products released from the macrophage (unpub-

lished observations). 

(2) Intracellular killing of rickettsiae occurs in lympho-

kine-pretreated macrophage cultures with additional incubation 

of 24 hr. This intracellular killing can be dissociated from 

the immediate effect of lymphokine activation by infecting 

macrophages first, and adding lymphokines only after infection. 

A 75 - 85% reduction in percentage macrophages infected with 

rickettsiae or viable rickettsiae recovered from macrophage 

lysates, occurs in macrophage cultures treated with lymphokines 

after infection. 

The rickettsiae have several unique characteristics that make 

them useful for studying immunologie activation of murine mac-

rophages: (1) they are obligate intracellular parasites: they 

do not replicate in the extracellular environment and, in fact, 

have a very short lifespan (less than 1 hr) outside of cells; 

(2) they have a long generation time: differences in numbers 

of intracellular rickettsiae in activated and untreated macro-

phage cultures reflects killing without complication of rapid 

multiplication in a few infected cells; and (3) rickettsiae are 
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killed by immunologically activated macrophages only: cells in 
various states of "stimulation" due to sterile eliciting agents 
support the growth of rickettsiae as do resident macrophages. 

Although the rickettsiacidal assay is somewhat more diffi-
cult to establish in the laboratory, it is one of very few as-
says available to study microbicidal activities of activated 
macrophages. 

II. REAGENTS 

A. Rickettsial Stocks 

(11. Rickettsia akari, Kaplan strain (American Type Culture 
Collection (ATCC), Rockville, Maryland) propagated in irra-
diated L-929 cells. Rickettsia akari is now classified as a 
class 2 agent and may be used in "laboratories whose staff 
have levels of competency equal to or greater than one would 
expect in a college department of microbiology. Requests for 
agents in class 2 are placed on institutional letterhead (11)." 

(2) Rickettsia tsutsugamushi, strain Gilliam (ATCC) propa-
gated in irradiated L-929 cells. Rickettsia tsutsugamushi is 
classified as class 3 microorganism and may be used in "labora-
tories whose staff have levels of competency equal to or greater 
than one would expect in a college department of microbiology 
and who have had special training in handling dangerous agents, 
and are supervised by competent scientists.... Requests for 
agents in class 3 are signed by the chairman of the department 
or the heat of the laboratory or research institute where the 
work will be carried out. Conditions for containment include: 

(1) a controlled access facility—separated from the general 
traffic pattern of the rest of the building; 

(2) negative air pressure—at the site of work in a prepa-
ration cubicle or under a hood. Air should be decontaminated by 
high efficiency filter before recirculation; 

(3) animal experiments—are conducted with a level of pre-
caution equivalent to conditions required for laboratory experi-
ments ; 

(4) personnel at risk are immunized against agents for which 
immune prophylaxis is available (1). 
(NOTE: There is no prophylactic immunization for scrub typhus.) 
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B. Cell lines: L-929 Cells (No. CCL-1, ATCC). 

C. Culture Media, Solutions 

L-cell growth medium: Medium 199 supplemented with 2 mAf 
L-glutamine and 10% heat-inactivated fetal bovine serum (FBS) 

Macrophage harvest and rickettsiacidal assay medium: RPMI 
1640 supplemented with 2 mM L-glutamine and 10% heat-inactivated 
FBS 

Trypsin-EDTA solution: 0.05% trypsin, 0.02% disodium salt 
of EDTA (Flow Laboratories, Rockville, Maryland) 

Earl's or Hank's balanced salt solution (M. A. Bioproducts, 
Walkersville, Maryland) 

Snyder I diluent (12): Sucrose, 75.0 ; KH2P04, 0.52 ; 
Na2HPC>4, 1.22 ; Glutamic acid, 0.72 . Dissolve sucrose in 
150 ml of distilled water. Add buffer salts in order, then 
glutamic acid. Add distilled water to 1000 ml. Adjust pH to 
7.4 with 10 N NaOH, then dispense in 50 ml quantities and auto-
clave for 20 min at 10 lb pressure. Store at 4C. 

Neutral red staining solution, 1/300 (GIBCO, Grand Island, 
New York) 

Trypan blue, 0.4% (GIBCO) 
*Agarose, Seakem brand (M. A. Bioproducts) 
Brain Heart Infusion broth (BHI) (Difco Laboratories, 

Detroit, Michigan) 
70% Alcohol in a squirt bottle 
Distilled water 

D. Plasticware 

150-cm2 tissue culture flasks (No. 3150, Costar, Cambridge, 
Massachusetts) 

50-ml sterile polypropylene centrifuge tubes (No. 2070, 
Falcon Plastics, Oxnard, California) 

12 x 75 mm sterile polypropylene* tubes with caps (No. 2063, 
Costar) 

30-cc polypropylene disposable syringes 
1-, 5-, and 10-cc sterile cotton-plugged serological pi-

pettes (Costar) 

E. Glassware 

500-ml bottles, screw-capped, sterilized (MA Bioproducts) 
600-ml beakers, covered with 2 layers of gauze 
1 dram sterile glass screw-capped vials (Lawshe Instrument 

Company, Inc., Bethesda, Maryland 
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50- and 250-cc sterile cotton-plugged graduated cylinders 
Pasteur pipettes 
Two small funnels 
Two 250-ml Ehrlenmeyer flasks 

F. Equipment 

C02 incubator, humidified, solid stainless steel shelves 
Refrigerated centrifuge 
Binocular microscope 
Inverted tissue culture microscope 
Vortex mixer 
Autoclave (fast and slow exhaust) 
Water baths (3): 37°C, 46° - 48°, and 56°C 
Balance 
Pipette-aid (Bellco, Vineland, New Jersey) 
Vertical laminar flow hood for use with biological agents 
Ph typing box (Fisher Scientific Company, Silver Spring, 

Maryland 
Homogenizer with stainless steel, aerosol-proof cup (Sor-

vall, Newtown, Connecticut) 
Gamma radiation source 
Cytocentrifuge (Cytospin, Shandon Southern Instruments, 

Sewelicky, Pennsylvania) 

G. Mice 

*Use only inbred mouse strains; mice must be healthy. Avoid 
using mouse strains with characterized in vivo and in vitro 
macrophage defects (13). 

H. Stains 

1. Diff-Quick (Harleco, Gibbstown, New Jersey) can be used 
for differentials on peritoneal cells. 

2. Giemsa stain (Reagent Chemicals, Saugerties, New York) 
can be used for detection of R. tsutsugamushi in macrophages. 
Prepare stain according to package directions; flood slides 
with stain for 25 min and wash with tap water. 

3. Gimenez stain must be used for detection of i?. akari 
in macrophages: 

(a) Reagents 
(1) Carbol basic fuchsin stock : 100 ml 10% basic 

fuchsin in 95% ethanol (10 gm basic fuchsin in 
100 ml 95% ethanol) 
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250 ml 4% aqueous phenol (10 ml phenol in 240 ml dis-

tilled water) 

650 ml distilled water 

Incubate stock solution at 37°C for 48 hr. Refriger-

ate. 

(2) Dilution buffer for carbol basic fuchsin: 

3.5 ml 0.2 M NaH2P04, pH 4.2 - 4.6 (2.76 gm/100 ml 

d/H20) 

15.5 ml 0.2 M Na2HP04, pH 9.1 - 9.2 (2.84 gm/100 ml 

d/H20) 

19.0 ml distilled H20 (should be pH 7.45) 

(b) Preparation of working strains 

(1) Carbol basic fuchsin: 4 ml stock carbol basic 

fuchsin 

10 ml buffer, pH 7.45 

Filter immediately (use Whatman No. 1 filter in coni-

cal funnel: filter stain into 250 ml flask) and 

again before every stain. Remains unstable for 48 

hr, if kept at 4°C. 

(2) malachite green counter stain: 0.8% aqueous mala-

chite green (0.8 gm/100 ml d/H20) 

Filter before use. Refrigerate. 

(c) Staining procedure for macrophage cytocentrifuge smears 

(1) Air dry cytocentrifuge smears 

(2) Heat fix smears 

(3) Stain with working carbol basic fuchsin 3.5 min. 

(4) Wash thoroughly with tap water 

(5) Stain with filtered malachite green for 3.5 min 

(6) Wash thoroughly with tap water 

(7) Air dry 

(8) Observe cell smears under oil immersion; cell cy-

toplasm and nucleus will be green, and the rickett-

siae will stain red. 

* Indicates brand or type of material that is critical for 

success of procedure. 

III. PROCEDURE 

A. Culture of Rickettsiae in Irradiated L-929 Cells 

Rickettsiae obtained from ATCC have been propagated in yolk 

sacs of eggs; it is necessary to grow rickettsiae in cultured 

cells for use in the rickettsiacidal assay, as ingested yolk sac 

obscures the intracellular organisms when macrophages are mi-

croscopically observed. 
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I. Growth and Subculture of L-929 Cells 

(a) Place trypsin-EDTA and growth medium into 37°C water 

bath 30 min prior to use. 

(b) Select a 150-cm2 flask of L-929 cells to be subcultured. 

Remove medium by pouring into gauze-covered beaker (gauze pre-

vents medium from splashing back into flask). 

(c) Wash cells by pipetting 4 ml of warmed trypsin-EDTA into 

flask (not directly onto monolayer)· Rock flask to distribute 

solution and immediately pour into gauze-covered beaker. 

(d) Pipette 8 ml of warmed trypsin-EDTA solution into the 

flask; replace cap and allow to stand on level surface for 5 - 8 

min. Alternatively, flasks may be incubated at 34° - 37°C for 

several minutes to speed up trypsinization. 

(e) Tap side of flask against palm of hand to loosen cells 

that have not already detached. Triturate the cell suspension 

with a 10-ml pipette and transfer to a sterile 50-ml plastic 

centrifuge tube containing 10 ml of growth medium and 3 ml FBS 

(to inactivate the trypsin). 

(f) Centrifuge cell suspensions at 800 g for 10 min. De-

cant supernatant fluid and resuspend cells in 10 ml growth me-

dium. Triturate well to ensure an even distribution of single 

cells. 

(g) Using 1-ml pipette, transfer 0.5 ml of cell suspension 

to a 12 x 75 mm test tube containing 1 ml of trypan blue solu-

tion (1/3 dilution of cell suspension). Triturate well using 

a Pasteur pipette and then carefully load both chambers of a 

clean hemocytometer. 

(h) Count the number of viable cells (those that do not take 

up blue stain) in each of the four corner squares of each of the 

two chambers (each corner square contains 16 smaller divisions). 

Using this total, calculate the number of viable cells per ml 

of the cell suspension: 

Number of cells/ml = total number cells for 8 squares/8 x di-

lution factor x 10 4 

Example: cells/ml = 408/8 x 3 1 0 4 

= 1.53 x 1 0 6 cells/ml 

Total number of cells = number of cells/ml x total number of ml. 

(i) Transfer 5 x 10 6 cells into each 150-cm2 flask contain-

ing 50 ml growth medium. Tighten caps, shake each flask gently 

to ensure an even distribution of cells, and immediately place 

in a humidified incubator at 37°C and 5% C 0 2 . Loosen all flask 

caps 1/2 turn to allow free exchange of gases; tighten caps af-

ter 18 - 24 hr. Cells are ready for use after 3 - 5 days of in-

cubation. 
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2. Preparation of Irradiated Cell Monolayers 

(a) Select several flasks (number depends on number of 
cells required) containing moderately heavy (20 - 30 x 10^ 
cells/flask) monolayers of L-929 cells. 

(b) Follow steps (a) - (e) of Section III.A.l above, treat-
ing each flask in the same manner. Cells from three flasks may 
be combined into a single 50-ml centrifuge tube. 

(c) Place tubes containing cell suspension into a gamma 
radiation source. Irradiate cells with a 3000 rad total dose. 

(d) Follow steps (f) - (h) of Section III.A.l. On step (g), 
however, a second 1/3 dilution of cells is necessary to attain 
the appropriate number of cells in each square of the hemocyto-
meter (i.e., transfer 0.5 ml from the initial 1/3 dilution into 
a second 12 x 75 mm tube containing 1 ml of trypan blue solu-
tion) . Fill the hemocytometer, count the cells, and calculate 
the number of cells per milliliter of suspension as noted in 
steps (g) - (h) of Section III.A.l. 

(e) Determine the number of milliliter of this suspension 
required to obtain 18 - 20 x 10 cells. Pipette this volume 
into 150-cm flasks, each containing 50 ml of growth medium. 
Tighten caps, shake gently to ensure an even distribution of 
cells, and immediately place in a humidified incubator at 34° -
37°C with 5% C02- Loosen all caps 1/2 turn to allow free ex-
change of gases; tighten caps after 18 - 24 hr. Flasks will be 
ready for use after overnight incubation. 

3. Growth of Rickettsiae in Cell Culture 

(a) Prepare monolayers of irradiated L-929 cells in 150-cm2 

flasks the day before this procedure. Examine monolayers micro-
scopically to ensure that cells are healthy, monolayers are con-
fluent, and there is no gross contamination. 

(b) Prepare dilution blank by pipetting 9 ml of cold BHI 
broth into a sterile screwcapped tube, and place in ice bath. 
Rapidly thaw (at 37°C) a vial containing the appropriate 
rickettsial suspension, and immediately pipette 1 ml of this 
suspension into the dilution blank. Mix thoroughly on a vor-
tex mixer. 

(c) Immediately pour growth medium from flasks with irra-
diated monolayers into a gauze-covered beaker. Pipette 1 ml of 
the diluted rickettsial suspension into each flask. Tilt the 
flasks back and forth to distribute inoculum, and place on a 
level surface at room temperature (23° - 27 C) to allow 
rickettsiae to adsorb to the cells. Tilt the flasks every 10 
min to redistribute inoculum and prevent monolayers from drying 
out. 

(d) After 1 hr, wash infected monolayers by adding 25 - 30 
ml warmed Earl's or Hank's balanced salt solution to each flask; 
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distribute solution over monolayer and pour into gauze-covered 
beaker. Repeat the process again, and then add 50 ml of L-cell 
growth medium. 

(e) Incubate flasks (tightly capped) at 34°C for 6 - 9 days, 
checking daily for any indication of bacterial or fungal con-
tamination (turbidity, cell death, or pH change). After 3 - 5 
days, cells should begin to show signs of infection. Rickett-
sial cytopathogenic effect (CPE) is granulation of the cyto-
plasm, cell rounding, and release of some of the cells from the 
monolayer. Cells should be harvested when 10 - 20% of the cells 
have been released from the surface. 

(f) To harvest rickettsiae, pour medium from infected flasks 
into sterile 50-ml centrifuge tubes, rinse infected monolayers 
with 3 ml warmed trypsin-EDTA, and then pour this fluid into the 
centrifuge tubes. Add 5 ml of the trypsin-EDTA to each flask 
and allow to stand on a level surface for 5 - 8 min. Tighten 
caps and tap the side of the flask against palm of hand to re-
lease the rest of the cells. Pour the infected cell suspension 
into the centrifuge tubes. Care should be taken to ensure that 
each tube has approximately the same volume (for balancing cen-
trifuge cups during centrifugation). 

(g) Centrifuge tubes at 800 g for 10 min and carefully de-
cant supernatant fluid into gauze-covered beaker. Resuspend 
pellets in a small volume (1.0 - 1.5 ml of fluid per original 
flask) of cold Snyder I diluent. Pipette infected cell suspen-
sions into sterile homogenizer cup. Immediately attach cup to 
homogenizer, and blend at maximum speed (15 - 16,000 rpm) for 
30 sec, with bottom half of cup immersed in ice bath. Repeat 
twice with 10 - 15 sec intervals in between to allow contents 
to settle. Disconnect cup from the homogenizer. 

(h) Immediately pipette contents into sterile plastic cen-
trifuge tube. Pipette 0.5 ml aliquots into labeled sterile 
1-dram glass vials. Cap each vial tightly and place into an 
ethanol/Dry Ice bath. Transfer to a -70°C freezer as soon as 
possible after the contents of the vials are frozen. 

B. Quantität ion of Viable Rickettsiae in Rickettsial Seed 
Suspensions 

The plaque assay technique (14) provides a convenient, sen-
sitive, and reproduceable means for enumeration of rickettsiae 
in a sample. Titers achieved with this method are very similar 
to those calculated from LD50 determinations in mice. This 
technique is also useful for determining the number of viable 
rickettsiae in macrophage lysates: 

1. Preparing monolayers of irradiated L-929 cells in 60-mm 
dishes the day prior to the assay. 
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(a) Irradiate L-929 cells by following steps (a) through 
(d) in Section III.A.2. 

(b) Determine the total volume of growth medium needed by 
multiplying the number of dishes required times 5 ml/dish. 
Then determine total number of cells required by multiplying 
the number of dishes times 2.5 x 106 cells/dish. Divide the 
number of cells per milliliter (determined in step A.2(d)) into 
the total number of cells required to obtain the volume of cell 
suspension to add to the growth medium. Subtract this volume 
from the total volume of growth medium required and transfer 
this amount of growth medium into sterile 500-ml screw-capped 
bottle, using a sterile, cotton-plugged graduated cylinder. 
Add volume of cell suspension calculated to growth medium. 
This results in a cell suspension containing 5 x 10^ cells/ml. 

(c) Pipette 5 ml into each dish, tilting dish slightly to 
ensure that the liquid covers the entire area of the dish. 
Do this very gently, since any excessive movement will cause 
the cells to collect in the middle of the dish, rendering mono-
layers unfit for use in plaquing. An even distribution of 
cells is essential due to the low cell density per dish. 

(d) Allow dishes to stand undisturbed for 30 min to facili-
tate cell attachment and to ensure an even distribution of cells 
over the entire surface; this is a critical step. 

(e) After 30 min, carefully transfer dishes to incubator 
tray (use a solid tray to reduce contamination) and cover 
dishes with a piece of plastic-baked absorbent paper (also to 
reduce contamination). Tape the edges of the paper to the tray 
with autoclave tape; regular masking tape does not work, as the 
high humidity in the incubator causes the tape to loosen. Care-
fully place the incubator tray into the incubator. 

(f) The dishes will be ready for use after overnight incu-
bation. 

2. Plaque assay for viable rickettsiae 
(a) Before beginning the assay, microscopically examine the 

monolayers in several of the dishes to ensure that the cells are 
healthy, the monolayers are confluent, and to check for gross 
contamination. Return the dishes to the incubator. 

(b) Prepare six dilution blanks, each containing 1.8 ml of 
cold BHI broth; use 12 x 75 mm polypropylene tubes with caps. 
Place tubes in refrigerator until needed. 

(c) Weigh out agarose according to Table I. Place powder 
in a sterile 500-ml screw-capped bottle and add the indicated 
volume of distilled water. Place the bottle, loosely capped, 
in a pan of water and autoclave at 15 lb pressure (121°C) for 
15 min (water in the pan prevents bottle from cracking around 
bottom edge). 

(d) Again, from Table I, determine the volume of medium re-
quired. Measure this volume in a sterile graduated cylinder 
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TABLE I . Preparation of Agarose Feeder and Staining Over-
lays 

Distilled Growth Neutral 
No. of dishesa Agarose (gm) water (ml) medium (ml) red (ml) 

0.5% Agarose feeder overlay 

20 0.56 11 101 
30 0.84 17 152 
40 1.13 22 203 
50 1.41 28 254 
60 1.69 34 304 

0.5% Agarose neutral red staining overlay 

20 0.56 11 98 3.3 
30 0.84 17 147 4.9 
40 1.13 22 196 6.5 
50 1.41 28 245 8.1 
60 1.69 34 294 9.8 

aRecipe makes enough overlay to fill indicated number of 
dishes with 5 - 10% excess. 

and transfer to a second sterile 500-ml screw-capped bottle. 
Place the bottle, tightly capped, in a water bath set at 
46° - 48°C. 

(e) Remove dishes containing monolayers from the incubator, 
pour supernatants into a beaker covered with gauze, and label 
dishes with dilutions to be used. Generally, dilutions 10" 3 

to 10~6 will ensure plates with a countable number of plaques. 
(f) Rapidly thaw the rickettsial inoculum and pipette 0.2 

ml into the first 1.8-ml BHI dilution blank. Continue serial 
tenfold dilutions through the sixth tube, mixing each dilution 
well with a vortex mixer. 

(g) Pipette 0.1 ml of each dilution to be plaqued onto 
dishes labeled with the appropriate dilution, beginning with 
the highest dilution (10"~6) m pipette the inoculum into the 
center of the monolayer, and touch the tip of the pipette very 
gently to the surface. Disperse inoculum evenly over the mono-
layers by tilting the dishes several times in each of two dif-
ferent directions. 

(h) Allow the rickettsiae to adsorb to cells for 1 hr. 
Tilt dishes every 8 - 1 0 min; this is a critical step. Failure 
to observe these time constraints can result in large areas of 
dead cells due to drying of monolayer. 

(i) While the rickettsiae are adsorbing, prepare the agarose 
overlay by pouring the warmed medium into the bottle containing 
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the hot autoclaved agarose, and mix gently by swirling. Pour 
this mixture back into the original bottle and place into the 
46° - 48°C water bath to cool. Transfer of hot overlay back 
into the cooler bottle eliminates breakage that can occur when 
placing bottles into water bath. 

(j) After the adsorption period, pipette 5 ml of cooled 
46°C overlay into each dish, directing fluid against inside 
edge of the dish to prevent cell damage. Tip the dishes 
slightly to disperse the overlay over the entire monolayer, 
and allow dishes to stand on a level surface for 10 - 15 min 
so that the overlay solidifies. It is important that the over-
lay not be too warm when it is applied. To check the tempera-
ture, hold bottle of overlay against your cheek for 5-10 sec. 
It should be warm, but not enough to cause discomfort. Even 
though the overlay will gel, it is still quite soft (concentra-
tion of agarose is only 0.5%). For this reason, handle dishes 
very gently. 

(k) Arrange dishes on a clean UV-irradiated tray, cover 
with absorbent paper, seal with autoclave tape, and return to 
the incubator. It is critical that neither the tray nor the 
incubator be jolted from now to the end of the assay, as shift-
ing of the monolayers may occur. 

(1) If you are assaying i?. tsutsugamushi, a feeder overlay 
must be applied on day 8 to prevent dishes from drying out: 
These plates will be incubated for 16 days. The feeder overlay 
is identical to the initial overlay: it should be applied 
carefully to the center of the dishes. Assay of R. akari does 
not require the feeder overlay, as these plates are only incu-
bated 9 days. 

(m) On day 8 (R. akari) or day 15 (R. tsutsugamushi), pre-
pare a neutral red staining overlay according to Table I, and 
instructions in steps (c), (d), and (i) of this section. Neu-
tral red solution (volume shown in Table I) must be added to 
the warmed medium just prior to mixing the medium with hot 
agarose. Note also that the volume of the medium is adjusted 
slightly to compensate for the volume of neutral red solution 
added. Addition of neutral red to the medium earlier than in-
dicated above can result in difficulty in reading plaques. 

(n) After the staining overlay has cooled to 46° - 48°C, 
pipette 5 ml into the center of each dish, allow agarose to 
gel for a few minutes, and return plates to the incubator after 
covering them with absorbent paper. Light affects the stain, 
with loss of plaque/monolayer contrast, hence do not allow the 
plates to be exposed to light for more than a few minutes after 
the overlay has been applied. 

(o) After overnight incubation, the plaques may be counted 
using transmitted light such as that obtained from an Rh-typing 
box. Neutral red stains living cells a light orange-red color. 
The unstained areas (dead cells) will appear as plaques. As 
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you count, mark each plaque with a marking pen. Use a hand 
tally counter to record the number of plaques. Count and re-
cord the plaques on all dishes with 200 or fewer plaques. Cal-
culate the rickettsial titer in plaque-forming units per milli-
liter as shown in Section IV of this chapter. 

C. Mouse Peritoneal Macrophages 

Activated macrophages can be induced in the peritoneum of 
mice by intraperitoneal inoculation of viable M. bovis strain 
BCG (Phipps substrain, Trudeau Institute, Saranac Lake, New 
York; 10° CFU) or formalinized C. parvum (70 mg/kg). Macro-
phages are harvested 8 - 1 2 days after inoculation of these 
agents. Alternatively, resident or exudate macrophages can be 
activated in vitro by exposure to lymphokines induced by either 
antigen or mitogen stimulation of spleen cells (see Chapter 75). 

Total peritoneal cells x % macrophages = total peritoneal 
macrophages. 

The peritoneal cells are obtained and counted (see Chap-
ter 7) . 

D. Preparation of Cells 

(1) Centrifuge pooled peritoneal fluids at 400 g for 10 
min at 4°C, and discard supernatant. 

(2) Adjust cell pellet to 1 x 10" macrophages/ml with assay 
medium and dispense into 12 x 75 mm polypropylene capped tubes 
in 0.5 ml aliquots. 

(3) If macrophages are activated in vitro, add 0.1 ml lym-
phokines to each appropriate tube. 

(4) All macrophage cultures are incubated 2 hr; lymphokine-
activated macrophages must be incubated a minimum of 4 hr 
(6 - 8 hr is optimum). 

E. Infection of Macrophage Cultures 

(1) Thaw tissue culture-grown rickettsiae rapidly (37°C 
water bath) and dilute immediately to approximately 5 PFU/ 
macrophage in cold BHI or assay medium. 

(2) Add 0.1 ml rickettsial suspension to each appropriate 
tube. Remember to include (i) one sample of macrophages only 
(monitors aseptic technique), and (ii) greater than two samples 
of normal macrophages infected with rickettsiae (control) for 
each time point. 
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Fig. 1. Stained cytocentrifuge preparations of macrophage 
cultures infected with R. tsutsugamushi or R. akari. (A) Mac-
rophage infected with R. tsutsugamushi (arrow indicates rickett-
sia) and stained with giemsa. (B) Lymphokine-activated macro-
phages stained with giemsa. (C) Macrophages infected with R. 
akari (arrows indicate rickettsiae) and stained by the Gimenez 
method. (D) Activated macrophages stained with the Gimenez 
method. 
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(3) Incubate cells for 1 hr at room temperature, shaking 

tubes every 10 min. 

(4) To remove inoculum, centrifuge tubes at 500 g for 10 
min, aspirate supernatant, and replace with fresh assay medium 

(0.5 m l ) . 

(5) Sample test and control macrophages for cell counts and 

cytocentrifugation and staining immediately after step 4 above 

(1-hr sample). 

(6) Incubate remaining samples for 24 hr at 34° - 37°C with 

5% CO2 in moist air; remove samples for cell counts and staining 

at 24 hr. 

(7) Determine kiling of rickettsiae by formula in Section 

IV. 

(8) Alternate mechanisms of determining rickettsial killing 

by macrophage cultures include: (i) LD50 determination of 

viable rickettsiae in macrophage lysates in susceptible C3H/He 

mice, or (ii) plaque titration of viable rickettsiae in macro-

phage lysates using methods outlined in Section III.B.l and 

III.B.2. 

(a) Macrophages can be lysed without loss of rickettsial 

titer by blending for three 30-sec intervals with microadapter 

attachment to Sorvall homogenizer. Use aerosol-proof stainless 

steel cups; optimum volume for the stainless steel cups is 5 ml 

of washed cell suspension. 

IV. CALCULATION OF DATA 

Quantitation of viable rickettsial seed suspensions: Re-

sults of a typical plaque assay using R. tsutsugamushi is shown 

in the following tabulation. 

Dilution 

IQ"3 

IO-4 

10-5 

10" 6 

Plaque counts/dish 

TNTC1 

140, 167, 163, 147, 181 
16, 13, 21, 18, 15 
1, 2, 2, 0, 1 

Average pi. 

159.6 
16.6 
1.2 

(1) Select the dilution whose average plaque count is 30 
or greater. Calculate titer by the following formula: 

PFU/ml = average No. of plaques x dilution factor x 10 (to com-
pensate for 0.1 ml inoculum). 

TNTC equals plaques too numerous to count. 
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(2) Using the above figures: 

PFU/ml = 159.6 x104 x10 = 1.596 x10 7 PFU/ml, or 1.6 x10 7 PFU/ml 

Rickettsial killing by activated macrophages is determined 
by the following formula: 

% infected control macrophages - % infected control macrophages 
% infected control macrophages 

Analysis of intracellular killing by activated macrophages 
in a typical experiment : 

At 1 hr: 37% of control macrophages contain intracellular 
rickettsiae 
23% of lymphokine treated macrophages contain intra-
cellular rickettsiae 

37-23 
100 x — — — = 38% rickettsiacidal activity by activated 

macrophages. 

At 24 hr: 39% of control macrophages contain intracellular 
rickettsiae 
5% lymphokine-treated macrophages contain intracel-
lular rickettsiae 

39-5 
100 x 91% rickettsiacidal activity by activated macrophages. 

Measurement of macrophage activation is the difference in 
percentage macrophages infected in activated macrophage cultures 
compared to control cultures. Therefore, an appropriate number 
of control cultures must be examined to generate statistically 
valid 95% confidence limits. Duplicate smears of two samples 
(100 cells observed/smear) is the minimum: Usually from control 
samples and two each of test samples are used for each time of 
sampling. 

V. CRITICAL COMMENTS 

A. Growth and Quantitation of Rickettsiae in L929 Cells 

The procedures for growth and quantitation of rickettsiae 
in seed suspensions are the most difficult part of the rickett-
siacidal assay. Once the rickettsial stocks are obtained, 
however, they will last several years with storage at -70°C. 
Ten flasks of irradiated L-cells produce enough rickettsiae 
for approximately 30 rickettsiacidal assays. 

Do not refreeze rickettsial seed suspension after use: 
Freezing and thawing drastically reduce rickettsial titer. 
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All work with rickettsiae must be done in the ABSENCE OF 
ANTIBIOTICS. Strict adherence to aseptic technique is essen-
tial. 

B. Rickettsiacidal Assay 

Since antibiotics cannot be used for the rickettsiacidal 
assay, this technique is somewhat more difficult to establish 
in the laboratory than others for macrophage activation. With 
the recent dissociation of microbicidal and tumoricidal activi-
ties of activated macrophages, however, the rickettsiacidal as-
say may prove a powerful tool for analysis of lymphokines in-
ducing microbicidal activity in macrophages and studying mech-
anisms of intracellular killing (13). 

The Gimenez stain for #. akari has not been remarkably con-
sistent in our hands. Efforts to locate other staining proto-
cols effective for i?. akari may be useful. We can obtain con-
sistent results only if the working carbol fuchsin is made 
immediately prior to staining cell smears. 

Most information on intracellular killing of rickettsiae 
by macrophages has been obtained with R. tsutsugamushi. This 
is the organism of choice for macrophage studies rF one has a 
P3 containment facility (see above); R. tsutsugamushi has a 
slower generation time, does not produce secondary infections 
as rapidly, and stains consistently with giemsa. 

Data obtained by microscopic analysis are identical to re-
sults obtained by plaque assay for viable rickettsiae (9); 
choice of the method for analysis is then left to individual 
preference. If plaque assay or LD5Q determinations are used 
for quantitation of destruction of rickettsiae, cultures must 
be washed at least two times and adjusted to equal cell numbers 
(macrophages and lymphocytes) prior to blending. Results can 
be calculated by percentage reduction in viable rickettsiae: 
titer of treated macrophage culture/titer of control macrophage 
cultures. 

Lymphokines have no direct effect on rickettsiae and do not 
need to be washed out of pretreated macrophage cultures during 
infection. 

Lymphokines added after infection induce macrophage activa-
tion as long as lymphokines remain in the culture at least 4 hr. 
In this instance, one observes only intracellular killing. 
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