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I NTRODUCTI ON 

Louse-borne or epidemie typhus fever is without doubt one of 
the great epidemie diseases of mankind whose ebb and flow through 
the eenturies has been important in the molding of human destiny 
Cl). Much of our knowledge about typhus fever has eome from ex­
perience in the unique setting of the temperate north of Europe 
(1-16) where its relative importanee has deelined as living eondi­
tions have improved over many years. Indeed, in recent times the 
epidemie potential of typhus in Europe has been realized primarily 
in the wake of the catastrophic disruptions eaused by wars. Our 
attitude about relative importanee, epidemiology, approaehes to 
control and level of research support has been influeneed strongly 
by the trends in modern, advanced Europe. 

However, there is another faee to typhus, hardly mentioned in 
our textbooks, largely ignored by investigators and treated as an 
unwanted step-ehild by many health authorities, whieh may be readily 
seen today in the less developed areas of the world where huge num­
bers of human beings still live continuously under eonditions which 
most of us would regard as catastrophic and where typhus is a prob­
lem. Indeed, at present typhus is endemie to a greater or lesser 
degree on all eontinents exeept Australia and it is'epidemic on at 
leas tone. -. 

An attempt, albeit brief, will be made here Ca) to construct 
a conceptual framework of the natural his tory of typhus infeetions 
and then, in the context of this framework, Cb) to deseribe the 
actual state of typhus in some developing eountries, Ce) to eonsider 
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the applicability and limitations of available control methods 
under the conditions which exist in such areas and (d) to illus­
trate briefly how one of these methods, namely, immunization with 
the living attenuated E strain typhus vaccine, is being applied on 
a pilot, investigational scale in two contrasting epidemiologic 
situations, one epidemic and one endemic. 

THE NATURAL HISTORY OF TYPHUS INFECTIONS: 

A SIMPLIFIED CONCEPTUAL MODEL 

The particular epidemiologic pattern assumed by typhus in any 
given situation depends largely upon the interactions among the 
major variables in the system which are recognized as (a) the agent, 
Riakettsia prowazeki (4,5), (b) the vector, the body louse PediauZus 
humanus humanus L. (3), and (c) Man, who serves as host to both 
agent and vector, as a reservoir of the rickettsia and as a mobile 
agent whose behavior markedly influences the other variables and 
determines the particular pattern of transmission (2, 6-8). Inter­
action is stressed because in large, complex populations, it is 
possible for vector, agent in its reservoir and susceptible people 
to co-exist without interacting, as in the U.S.A. today. 

In this brief discussion, we will not consider possible varia­
tions in properties of agent or vector, only quantitative variations 
in prevalence; nor can we dweIl upon environmental factors, except 
as they interfere with the application of control measures. We will 
also ignore the possibility of extra-human reservoirs (17) which, 
if they do exist, have not yet been demonstrated to play any role 
in the transmission of disease to man. 

Recognizing these restrictions, and ignoring for simplicity 
many other extremely interesting variables, it is possible to por­
tray the major interactions diagrammatically, as in Figure I, and 
to identify empirically several major and some minor epidemiologi­
cal stages in the natural his tory of typhus which have both practi­
cal and theoretical value. Although other special situations are 
possible, most naturally-occurring typhus can be fitted into this 
scheme; the major factors leading to change in stage can be identi­
fied and the consequences of the application of specific control 
measures can be predicted. From the stand-point of typhus control,f 
which is the main topic of this report, the two most vulnerable -
points of attack at any stage are clearly recognizable as (a) the 
vector, through vector control measures, and (h) the susceptible 
human population, through active immunization. This diagram also 
stresses the crucial role of the reservoir, i.e., the human typhus 
convalescent who later develops recrudescent (Brill-Zinsser) 
disease and the long-range consequences of permitting any trans­
mission of agent to occur. We have no proven means yet of 
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NATURAL HISTORY OF "EPIDEMie" OR "LOUSE -BORNE" TYPHUS 
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Fig. 1 Diagrammatie representation of the major interaetions among 
the typhus riekettsia, the body louse and human beings in 
the natural history of louse-borne epidemie typhus fever. 
Major epidemiologieal stages are identified by Roman 
numerals. 
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eradieating the organism from the human reservoir, where its 
presenee is the key to endemieity; it now eannot be removed exeept 
by natural attrition. 

Aetual examples of all these different stages with eomplete, 
fully doeumented, quantitative data on all the important variables 
just do not exist. However, the reeent his tory of typhus in Poland, 
eompiled from various sourees (9-11) and synthesized into agraphie 
summary in Figure 2, illustrates many important points. Thus, fol­
lowing the large epidemie during and after World War I, the disease 
appeared to settle down into an endemo-epidemie pattern, somewhere 
between Stages IV and V, with a large fraetion of the disease fol­
lwoing the typieal seasonal patternof louse-borne primary infee­
tion, as shown for the years 1936-1939. These eases probably 
oeeurred only in eertain segments of this large, eomplex popula­
tion. No doubt soeio-eeonomie eompartmentalization of different 
sub-populations within the whole permitted the preservation of 
typhus in eertain segments side by side with the simultaneous 
aeeumulation of large numbers of suseeptibles in typhus-free seg­
ments. With the disastrous disruptions of World War 11, the dia­
phanous barriers between typhus-bearing and typhus-free segments 
disintegrated, eonditions for widespread lousiness were ereated in 
all segments of the population and both veetor and agent spread 
rapidly to produee a massive epidemie, more or less equivalent to 
Stage 111. With the eessation of the war and the return of the 
population towards a higher standard of living and hygiene, prob­
ably aided by the newly diseovered inseetieides, the ineidenee of 
disease diminished and for a time appeared to be settling baek 
into its pre-war endemo-epidemie pattern. In the early 1950's, 
however, the seasonal variation beeame less pronouneed and the 
eases were found to eonsist of two types: (a) reerudeseent eases 
oeeurring steadily throughout the year in the older age groups who 
had experieneed primary infeetion years before, and (b) louse­
borne primary typhus eases elassieally in the eold months in the 
younger age groups who represented the major aeeumulation of sus­
eeptibles. The pattern of typhus had thus shifted into a Stage V 
or endemie form. Further reduetion of the veetor with elimination 
of transmission eould easily shift the pattern into Stage VI. 

Figure 3 summarizes the age relationship in the endemie situ­
ation between immunes, reservoirs and reerudeseent typhus eases on 
the one hand and the suseeptibles and primary typhus on the other, 
which is the meehanism whereby the attrition of older reservoirs 
through death is offset by the ereation of new reservoirs. The 
figure also shows how either veetor eontrol or mass immunization 
ean interfere with this proeess. 
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SCHEMA OF ENDEMIC LOUSE-BORNE TYPHUS 

: 

t : w : Ü 
Z 
W 
0 
U 
Z 

\ Vaccine -induced Immunity 
......................................... '" ...................................... '" ............ .. 

I 

I 

I 

Louse I 

~ansm i ssio I~ , 
,! n I <: Sporodlc Typhus 

I (Bril1-Zinsserl 
Outbreoks ( 
(louse-bornel I 

/ Typhus Antibodiesl 
0" ....... I (immunes/reservoirsl 

/ "', 

.. .. I 
I 

I 
I 

I 
I 

" 

I 

" , I 
I 

I 

I 
I 

I 

I 

I ", 
I , 

I 

I 
I 

I 
I 

, 
" , 

AGE~ 

" , 
" " 

Fig. 3 Sehematie representation of endemie state of typhus showing 
the age distribution (a) of typhus immunes (who are also 
typhus reservoirs) as revealed by sero-epidemiologieal 
studies, (b) of eases of reerudeseent typhus derived from 
"Ca)" and (e) of eases of primary louse-borne typhus whieh 
replenish the reservoir population whieh is being depleted 
by natural attrition, yielding a "steady state" type of 
equilibrium. Elimination of either the veetor or the 
suseeptible segment of the population will alter the 
dynamies, but in signifieantly different ways. (Basic 
patterns of antibody and reerudeseent and primary typhus 
derived from examination of data in Referenees 10-15.) 
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PRINCIPLES OF TYPHUS CONTROL 

In 1937, a Committee of Experts at a conference held under the 
auspices of the League of Nations (18) summarized the principles of 
typhus control, based upon the accumulated knowledge and experience 
at that time (Table 1). In drawing up this list of principles, it 
would seem that the Committee had in mind primarily the sharp out­
break or epidemic form of the disease typical of the European set­
ting. With minor modifications in details, these principles are 
still valid for control of the localized outbreak or epidemic. 
However, additional modifications now seem desirable to define a 
comprehensive program generally applicable to all epidemiological 
stages in the natural history of typhus, to large national or 
regional problems as weIl as to more localized outbreaks, and to 
accommodate great variations in logistic aspects and resources. A 
comprehensive approach must not only be concerned with the urgent 
immediate problem of disease prevention in any given outbreak but 
also with the ultimate long-range management of the basic under­
lying problems if any real impact is to be made on the disease. 
Table 2 emphasizes the key role that preventing the creation of 
new reservoirs plays in attaining the ideal or some reasonably 
acceptable compromise. 

Table 3 summarizes some characteristics of the measures cur­
rently available for typhus control. It is obvious that none is 
perfect, but each can be used to advantage under certain conditions. 

REALITIES OF THE PROBLEHS OF TYPHUS CONTROL 

IN DEVELOPING COUNTRIES 

In many developing countries, typhus appears to exist in the 
Stage V of endemicity, if one can rely upon the history, reported 
cases and scant serological data (19-29). Figure 4, an example 
taken from the data of Montoya et al (19), shows the age distribu­
tion of typhus antibodies in 1954 in certain populations in Peru 
where typhus has been a problem for an untold number of years. It 
is easy to predict that the pattern of recrudescent and primary 
cases of typhus, if identified, would conform to that depicted in 
the preceding Figure 3. 

The validity of such an extrapolation from sero-epidemiological 
data is reinforced by the occurrence of sporadic explosive outbreaks 
of typhus so common in remote villages of the mountainous regions of 
the world, such as in Mexico, Central America and South America 
where there is reason to believe that the sero-epidemiological pro­
file is similar to that just described for Peru (23-29). 
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TABLE I 

GENERAL MEASURES FOR COMBATTING TYPHUS 

1937 LON Principles 
for Epidemie Control 

1. Case finding 

2. 

3. 

Isolation of cases 

Isolation of districts 
and regions 

4. Delousing 

S. Immunization of indi­
viduals and selected 
groups 

a. Vaccine 

b. Seroprophylaxis 

1972 Comprehensive Program 

I. Recognition and Definition of Problem 
A. Reporting and laboratory diagnosis 
B. Epidemiological study and classi­

fication of problem 
C. Assessment of logistics and 

resources 
D. Selection of appropriate control 

measures from "B" and "C" 
II. Interruption of Transmission 

A. Short-term: Immediate effect 
1. Isolation of cases and regions 
2. Vector control: Insecticides 

a. assessment of resistance 
b. delousing 

(1) Contacts 
(2) Mass program 

3. Immunization: Elimination of 
sus ceptib les 

4. ? Chemoprophylaxis (limited 
us efullness) 

B. Long-range: Ultimate eradication 
1. Prevention of new reservoir 

formation 
a. Eradication of vector 

(1) ? Insecticides 
(2) Laundry, bathing, 

education 
b. Maintenance of high state of 

immunity in all age groups 
2. Elimination of existing 

reservoirs 
a. Natural attrition 
b. ? Chemotherapy - no rickett­

sia-cidal agent yet avail­
able 

III. Treatment of cases 
A. Reduction of morbidity and mor­

tality 
B. Reduction of period of infectivi­

ty for louse 
C. Prevention of reservoir state 

(not yet possible) 
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TABLE II 

OBJECTIVES OF TYPHUS CONTROL MEASURES 

1. Immediate: Stop disease 

2. Intermediate: Prevent creation of new reservoirs of agent 

3. Long-range Ideal: Eradication of agent and vector 

TABLE III 

CHARACTERISTICS OF AVAILABLE TYPHUS CONTROL MEASURES 

1. Louse Control 

a. Prevents disease 

b. Interrupts transmission, even if lice are not eradicated 

c. Eradication difficult; effect often transient; 
resistance may interfere 

d. Prevents creation of new typhus reservoirs 

e. Uninfected population remains receptive to re-introduction 
of agent 

2. Immunization (ideal) 

a. Prevents disease 

b. Interrupts transmission 

c. Prevents creation of new reservoirs 

d. Population unreceptive to re-introduction of agent even 
if vector is not eliminated 

3. Chemotherapy-Chemoprophylaxis (present status) 

a. Probably can prevent disease, but not infection 

b. Shortens period of transmissibility to lice 

c. Probably does not prevent creation of new reservoirs 

d. Reduces morbidity and mortality of established cases 
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PERU: AGE DISTRIBUTION OF TYPHUS ANTIBODIES 
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Fig. 4 Age distribution for typhus antibodies in three typhus­
endemie loealities in Peru in 1954 (adapted from data in 
Referenee 19). Considered as reservoirs, it would be 
predieted that these typhus eonvaleseents shou1d give rise 
to a substantial number of reerudeseenees fol1owed by 
louse-borne primary infeetions. Very limited data on age 
distribution of reported typhus (27) suggest that this does 
oeeur but there has been no differentiation between reeru­
deseent and primary eases. Moreover, there is serologie 
evidenee from the same region (64) for the oeeurrenee of 
between 13 and 51 infections for every reeognized ease 
over a 3 1/2 year period of surveillanee. 
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MEXICO: CONTROL OF TYPHUS EPIDEMIC IN A VILLAGE 
WITH DDT DUSTING 
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Fig . 5 A typieal village outbreak of typhus in an endemie region. 
Had this outbreak not been eontrolled with DDT, it would 
have been expected to follow a natural course typical of 
village outbreaks in this region in which the deelining 
phase resembles the build-up roughly in shape and time 
scale. (Adapted from Reference 25.) 
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The classical story of recognized typhus, repeated so many 
times over the years in different places where the disease is 
endemic, is that word is received by health authorities of a local 
outbreak of serious disease with some deaths which resembles typhus, 
often in some remote place. A health team is sent out to investi­
gate and control the outbreak. By the time the team reaches the 
site, after the usual delays imposed by problems of travel, etc., 
additional cases have occurred. Patients with disease are treated 
and the population is dusted with insecticides one or more times 
over a short period, often without knowing whether or not the lice 
in that locality are indeed susceptible to the insecticideCs) being 
used. Perhaps even some killed vaccine is adrninistered. The out­
break ceases, as a resul t ei ther of the control measures or of the 
seasonal pattern. 

However, there is growing evidence that many more typhus infec­
tions actually occur in these areas than are recog~ized and 
reported (9,64). The sporadic case of recrudescent or primary 
typhus, occurring on a background of other similar febrile ill­
nesses, is not recognized and inapparent infections also seem to 
occur. The typical localized outbreak just described is then 
merely the tip of the iceberg of typhus that is visible while the 
bulk of the transmission and infection remains unrecognized. Thus, 
the practice of limiting the attack on typhus to these sporadic 
outbreaks of overt disease as they occur has in fact several serious 
disadvantages: Ca) it does not recognize most typhus infections 
which are occurring; Cb) it recognizes typhus only when many people 
have become seriously ill and some have died; (c) new typhus reser­
voirs have been created; Cd) the vector is not eradicated and in­
deed insecticide resistance may be enhanced; and Ce) no permanent 
or significant change has been made in the basic epidemiological 
climate or future typhus potential. 

Some of the main factors which contribute to typhus endemicity 
and interfere with optimal application of control measures in deve­
loping countries fall into the following categories: 

1. Living conditions which are conducive to chronic, endemic 
lousiness, possibly enhanced by cultural factors related 
to lousiness. 

2. Difficult cornrnunications, both in regard to notifying 
health authorities about disease occurrence and accessi­
bility of population for prompt and repeated application 
of control measures. 

3. Limited resources: economic, trained man-power, transport, 
etc. 
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4. Poorly developed systems for reporting disease and 
inadequate laboratory diagnostic facilities. 

5. Political: hostility of population segments towards 
representatives of central government; rejection of 
government-sponsored prograrns (30). 
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6. Control measures and concepts based on experience with 
unusual acute, transient situations in advanced countries 
are applied directly,· and sometimes inappropriately, to 
the chronic, persisting conditions in the less well­
developed, emergent countries. 

Though not exhaustive, this list identifies some of the factors 
which may influence the choice and efficacy of control measures in 
any given situation. 

APPLICATION OF SPECIFIC CONTROL MEASURES 

TO TYPHUS PROBLEMS IN DEVELOPING COUNTRIES 

Vector Control Through Application of Insecticides 

Because of the early dramatic successes in the control of 
typhus by the mass application of insecticides in Europe during and 
irnrnediately after World War 11 (25-28), great reliance has been 
placed on this measure for control of typhus (35). However, this 
approach has not always met with such success in some of the less 
well-developed areas of the world for the reason that inadequate 
attention has been paid to the basic epidemiological, ecological 
and biological factors, to the enormous logistic problems and to 
the limitations in resources. 

In retrospect, the situations in which insecticides have had 
their greatest effect on the long-term control of typhus differed 
significantly from the conditions existing in most areas with cur­
rent persisting typhus problems. For exarnple, the dramatic effect 
on the 1943-44 typhus epidemic in Naples was probably not only due 
to the powerful action of DDT on the louse (33) but also to the 
fact that the conditions contributing to lousiness were transient; 
summer was approaching and there was a relatively rapid return 
towards the former higher standard of living and hygiene, which 
then held lousiness at a reduced level without continued intense 
insecticide application. Moreover, DDT dusting was accomplished 
efficiently and rapidly through the enormous logistic potential 
and resources of an organized military force. 
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In sharp contrast, the conditions conducive to lousiness, and 
lousiness itself, in less well-developed countries where typhus is 
a problem, are not transient, but tend to be long-standing, persis­
tent and chronically endemic - almost a way of life. When an insec­
ticide is applied once, or perhaps even a few times over a short 
period of time in this setting, there may be a prompt initial, but 
evanescent, reduction in lousiness (27, 31-34); but after a short 
time the incidence of lousiness may again approach its former level 
(27), as shown in Figure 6. Thus, to achieve long-term vector con­
trol without basic changes in the way of life, a vigorous program 
of indefinite duration, consisting of repeated insecticide applica­
tion at appropriate intervals, must be maintained, unless complete 
eradication can be achieved without subsequent re-infestation. 
This may be logistically impractical or even biologically unsound. 

Despite these limitations, insecticides have had drarnatic 
effects on the small localized outbreaks of typhus which charac­
terize the endemic or endemo-epidemic situations, as shown in 
Figure 7. Thus, a single or a few applications of insecticide over 
a short period of time can reduce lousiness to a sufficiently low 
level that the transmission chain of typhus is broken and the out­
break ceases, even though the louse population may subsequently 
return to its former level and the basic epidemiological state is 
unchanged. 

However, when insecticides are used suboptimally in the face 
of endemic lousiness, the lice may develop resistance to the insec­
ticide (35). Figure 8 illustrates another localized explosive 
typhus outbreak in a Mexican village, typical of the endemic situa­
tion, about two decades after the initial introduction of DDT into 
Mexico; a little over a decade after institution of a nation-wide 
carnpaign to eradicate the body louse; and ab out five years after 
DDT-resistant lice were first recognized in Mexico. In contrast to 
the sharp effect of DDT in the previously described outbreak, there 
is really no discernible effect of mass dusting with DDT in this 
instance. The disease continued to follow the expected seasonal 
pattern of an uncontrolled outbreak in this setting. Although data 
are not available for this village, one can only assurne that the 
lice had become resistant to DDT. 

Today DDT-resistance is cornmon among body lice in many parts 
of the world, resistance to lindane (garnma-hexachlorohexane) is 
being reported with increasing frequency (35), and a high degree 
of resistance to malathion has been found in Burundi (36). 

These are a few exarnples of the problems being encountered in 
attempts to control the typhus vector with insecticides in endemic 
situations. Other approaches to louse control, too extensive to 
consider here, are possible and are probably feasible under these 
circurnstances. 
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EFFECT OF SINGLE DDT DUSTING ON INCIDENCE 
OF BODY LOUSE INFESTION IN A PERUVIAN VILLAGE 
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Fig. 6 Effeet of a single DDT dusting on the ineidenee of lousiness 
in a Peruvian village in a typhus-endemie zone (adapted from 
Referenee 27). Note the rapid and dramatie - but not eom­
plete - reduetion in the ineidenee of lousiness after dust­
ing, followed by the gradual rise. Quantitative data of 
this kind eolleeted over sueh a long period of time are 
rare in the literature. Though inadequate to eradieate 
liee, an effeet of this kind may interruut the transmission 
eyele of typhus in typieal village outbreaks. 
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MEXICO: CONTROL OF TYPHUS OUTBREAK IN A VILLAGE WITH DDT 

(odopted fram Ortiz-Moriatt Cl W, 1944, 1945) 
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Fig. 7 Control of a typical village typhus outbreak in an endemie 
zone with repeated applications of DDT (adapted and inter­
preted from data in Referenees 25 and 26). Note the typi­
eal age distribution of eases and the significant - but not 
eomplete - reduction in lousiness, whieh would be expected 
to rise again, as demonstrated in Figure 6. In the out­
breaks illustrated here and in Figure 5, there was a marked 
reduetion in ineidenee of typhus cases within one ineuba­
tion period of typhus after the first applieation of DDT. 
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WINTER TYPHUS OUTBREAK IN MEXICAN MOUNTAIN VILLAGE: 
POOR RESPONSE TC MASS DDT DUSTING -?UNRECOGNIZED 
RESISTANCE'* (Compiled trom Olivero Toro and O;tiz Mariotte, 1964) 
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Fig. 8 Failure of DDT to alter the course of a village typhus out­
break, probably because of unrecognized DDT-resistance 
among body lice. Note that Ca) the time increments here 
are months, instead of weeks as in Figures 5 and 7, Cb) 
there was little recognizable effect of dusting within an 
average typhus incubation period and Cc) the course of this 
outbreak is very similar to that of untreated village out­
breaks. CAssembled, adapted and re-interpreted from 
Reference 23) . 
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Despite the gloomy picture presented above, louse control 
through insecticides is an important component of typhus control 
and when used appropriately can accomplish: (a) a transient effect 
sufficient to stop small localized outbreaks of disease, even though 
the vector is not eradicated and conditions conducive to lousiness 
persist; (b) eradication of lice in small populations not subject 
to re-infestation; and (c) acceleration of the disappearance of 
lice when basic living conditioris are improving. However, it is 
questionable if insecticides alone can eradicate or even produce 
long-term control in the vast, relatively inaccessible populations 
of depressed areas where conditions conducive to lousiness remain 
unchanged. Nevertheless. there has in fact been a gradual decline 
in reported cases of typhus from several countries which have 
instituted some kind of louse-control program (27-29), as is illus­
trated in Figure 9. The explanations for this, however, may be 
complex, including a possible rise in standard of living, health 
education and other factors, and may not be entirely the result of 
the insecticide programs. 

Elimination of the Typhus-Susceptible Segment 

of the Human Population Through Active Immunization 

Immunity following typhus fever is usually strong and long­
lasting; naturally occurring antigenic shifts in R. prowazeki 
have not been proven. Since even the immunity following natural 
typhus fever is non-sterile, i.e., the organism persists, it is un­
known if even the best possible vaccine would prevent a vaccinated 
person, on subsequent exposure to avirulent strain, from acquiring 
and harboring that strain, thus becoming a potential reservoir. At 
the opposite extreme, neither is it known if vaccine given to typhus 
convalescents, i.e., reservoirs, would prevent recrudescence of 
infection. Nevertheless, immunization with a good vaccine could be 
expected: (a) to prevent disease in the individual; (b) to prevent 
transmission, and hence reservoir creation, in the immunized popu­
lation even if the louse persists; and (c) to protect lousy typhus­
receptive populations against introduction of the agent. Immuniza­
tion of the majority of a population would thus divert it from sub­
jection to the usual epidemiological sequence and into a special 
category. And if a high level of immunity were maintained for a 
sufficiently long period of time, natural attrition of reservoirs 
could proceed in the presence of lice without the risk of outbreaks 
of primary infection. 

Realization of these ideal objectives depends upon (a) the 
capacity to produce an acceptable safe vaccine which will induce 
the desired degree and duration of immunity and (b) the feasibility 
of administering it to a population according to the regimen required 
for effectiveness. 
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Variations of two general types of typhus vaccine, (a) killed 
and (b) living, were explored from the earliest days (2,37). For 
the most part, however, yolk sac-grown, killed vaccines were used 
by the Arnerican, Canadian and British Forces in World War 11 (38) 
and have been used by many countries for both civilians and the 
military since then. These vaccines, unfortunately, are still sub­
ject to many problems of production, antigen content, potency and 
assay, recently reviewed in other reports (39,40). Aside from very 
limited vaccination-challenge studies, which suggested that some, 
but not complete, protection was afforded by certain vaccines (41, 
42,57,59), no large-scale adequately controlled trials have been 
carried out successfully so as to provide the necessary quantita­
tive data on effectiveness. Moreover, the combined experience of 
the Allied military forces with killed typhus vaccines in World 
War 11 did not yield satisfactory information on the degree of pro­
tection afforded against acquiring typhus fever even though it 
clearly indicated that the vaccines modified the disease and pre­
vented deaths in persons who developed typhus after having received 
one or more doses of vaccine (43-47,65,66). In addition, the infec­
tivity for lice of patients with vaccine-modified disease was found 
to be reduced but not eliminated (48-51). These considerations, 
along with the requirement for multiple doses and frequent boosters, 
suggest that currently available killed vaccines may not be adequate 
to achieve the potential benefits of irnrnunization mentioned above, 
especially with regard to changing the basic epidemiologic status. 

With the recognition of a spontaneous attenuated mutant of 
R. prowazeki, the Hadrid E strain, by Clavero and Perez Ga11ardo 
(52,53), a new candidate for a living attenuated vaccine was intro­
duced. Fox and his associates (54-64) explored its potential as a 
vaccine in aseries of comprehensive studies from the laboratory, 
through vaccination-challenge studies in human volunteers, to a 
large-scale field trial in Peru in the 1950's. Most significantly, 
from the standpoint of typhus control prograrns, as we have presented 
the problem here, was the fact that a single inoculation o.f the 
living attenuated E strain produced a strong irnrnunity to virulent 
epidemic typhus challenge which lasted for at least five years. 
Two types of reaction to the vaccine were encountered: (a) a dose­
dependent early reaction (24-48 hrs) which could be eliminated by 
adjustment of dosage and (b) a late reaction in up to 14 percent of 
the people, 9-14 days after vaccination, which varied from mild 
malaise and headache to abrief highly modified febrile illness 
which never required treatment. These reactions, however, did not 
interfere with the acceptability of the vaccine in the field trial 
in Peru which involved over 30,000 people. Other groups have since 
investigated the E strain to greater or lesser degrees (65-78), with 
somewhat variable conclusions regarding the importance of reactions 
as re~ards acceptability (see next section) . 
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TABLE IV 

COMPARISON OF KILLED AND LIVING ATTENUATED TYPHUS VACCINES 

Category 

1. No. of Doses 

2. Time for Effect 

3. Duration of 
Immunity 

4. Protection 

Characteristic of 

Killed Vaccines E Strain Vaccine 

Multiple; timing impor- 1 
tant 

Relatively long for Prob. 7-10 days 
optimum 

? Short, requiring ; 5 yrs 
periodic boosters. 
Good booster after 
many years 

a. Clinical Disease Incomplete but modifies Strong 

Prob. none 

Prob. none 

Unknown 

b. Rickettsemia 

c. Louse Infection 

d. Reservoir 
Creation 

e. Recrudescence 

5. Reactions 

6. Problems 

Incomplete but reduces 

Incomplete but reduces 

Incomplete prevention 

1) Local and systemic 
"endotoxin" reac­
tions with potent 
vaccines 

2) Local and systemic 
delayed type hyper­
sensitivity 

3) ? Immediate allergy 

Unknown 

1) Early dose depen­
dent in both 
immunes and 
non-immunes 

2) Late reactions-­
modified disease 
in non-immunes 

to host cell components 

1) Protective antigenes) ? Reversion to 
not known virulence 

2) Potency and potency 
assay 
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The E strain has been under study at the University of Maryland 
for weIl over a decade and a comprehensive ac count of these studies 
is being prepared for publication (79). Experience with its use as 
a vaccine is being accurnulated in a step-wise manner in military 
populations in the U.S.A. and in different epidemiologie situations 
with regard to typhus control in developing countries. Although 
these studies are still in progress and observations are still being 
made, some of the results available to date, surnrnarized very briefly 
below, would appear to have some bearing on the problems of typhus 
control in developing countries. 

The first study to be described is a controlled field trial of 
the E strain vaccine during a large-scale typhus epidemie in Burun­
di. The sequence of events leading to the occurrence of typhus on 
an epidemie scale, essentially equivalent to Stage III, in Burundi 
is complex and is being docurnented and analyzed elsewhere (36,80, 
81). Suffice it to say here that a very large susceptible popula­
tion, including all age groups, had built up throughout the country, 
that body lice had become highly resistant to DDT over much of the 
country and to malathion over extensive but lesser areas and that 
lousiness was essentially universal throughout the highland regions. 
A major spread of typhus began in the early 1960's and rose to a 
very high level of epidemie activity in many parts of the country 
by 1967-1969, when our studies were initiated. The dispersion of 
the indigenous population over the land probably influenced the 
rate and pattern of spread. At the present time, the disease is 
probably entering the transi tional or endemo-epidemic Stage IV of 
typhus in parts of the country. For all of the reasons previously 
mentioned, it was not possible for governrnent health authorities to 
mount an effective louse control program for the entire country, 
although some success was achieved with lindane-containing powders 
in isolated instances of accessible populations concentrated in 
refugee camps. 

After identifying the epidemie as louse-borne typhus in 1967 
and making some preliminary observations on its epidemiology, a 
controlled field trial of the attenuated living E strain vaccine 
was proposed, accepted, planned and finally initiated in 1969. Ten 
hills in the cornrnunes of Katara and Matongo, deterrnined by inspec­
tion to be one of the most densely populated and active typhus areas 
at that time, were selected for the project. 

Although the local conditions might impress the casual observer 
as being too primitive to perrnit controlled study, closer observa­
tion would reveal that all the components for a sophisticated study 
were in fact present: (a) a large epidemie of typhus in progress; 
eb) a stable, dense (SOO-600jsq. mile) population, extraordinarily 
sophisticated in the recognition of the various clinical types of 
typhus, who feared the disease, greatly desired help, were extremely 
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cooperative, and who could be identified through the tax-book 
required to be carried by the head of every household; (c) a sophis­
ticated local civil organization with interested and conscientious 
local administrators at the commune and colline level, who partici­
pated actively and enthusiastically in all phases of the project 
and whose help with local customs was invaluable; (d) an excellent 
local communication system, with roads to each colline and drums to 
spread the word; and (e) a single medical facility, a mission hos­
pital-dispensary, where all illnesses from the region received 
treatment. Indeed, it would be difficult to find a better-suited 
local organization and situation anywhere for a study of this kind. 

In June and July 1969, 11,164 persons above about one year of 
age (about 80 percent of the population estimated from census data) 
we're vaccinated by jet gun with a single dose of either Tetanus­
Diphtheria toxoid (5,590 persons) or 105.5EID50 of the E Strain 
Vaccine (5,574 persons). People from each hilI were directed into 
the line for one or the other vaccine as they came. A punch-card 
bearing pertinent data was prepared for each vaccinee. The two 
groups were remarkably comparable with.regard to age, sex distribu­
tion and his tory of previous typhus. The centrally located Katara 
Mission Dispensary served as headquarters for the study and was the 
only medical facility in the region where treatment could be re­
ceived. Numbered study identification cards of the same color as 
the Dispensary cards were issued to each vaccinee. An intensive 
surveillance program was instituted for the first 11 weeks following 
vaccination consisting of a daily ambulance service to each hilI to 
transport any sick person and house-to-house visits (each house was 
numbered) by health workers and team members every seven to ten 
days with the help of the local "notables" . After the first 11 
weeks, when the team from the U.S. left and the pattern had been 
established with the population for prompt free treatment at the 
dispensary, modified surveillance was instituted in which all 
patients presenting at the dispensary were screened and managed, as 
during the intensive surveillance, by a single, highly interested 
Belgian Sister who had become extraordinarily competent in this 
program. Serum specimens were obtained from a sampIe of the popu­
lation at the time of vaccination and again six weeks later. Each 
ill person had at least paired serum specimens drawn, had a detailed 
clinical record maintained and was given appropriate treatment. 

The pre-vaccination distribution of antibodies was comparable 
in both control and E strain groups. Six weeks after vaccination 
a marked shift in antibody pattern was found in the E strain group, 
with only two of 181 individuals in the sampIe failing to show com­
plement fixing antibody conversion whereas the antibody pattern of 
the control group was essentially unchanged. Thus, as judged by 
antibody response, the E strain vaccine accomplished what it theo­
retically should have done, i.e., changed the basic epidemiological 
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climate and removed the population from the expected natural epi­
demiological sequence, as shown previously in Figure 1. 

Surveillance for typhus cases showed that this was indeed the 
case as far as prevention of disease is concerned. In the first 11 
weeks of intensive surveillance 25 cases of laboratory-confirmed 
typhus occurred in the control groups whereas none occurred in the 
E strain group. And at the end of 14 months, which included about 
11 months of modified surveillance, 49 cases of confirmed typhus 
occurred in the control group and three cases in the E strain group, 
a protection rate of 94 percent. We are now assessing the effect 
over the second year of modified surveillance. 

The E strain vaccine has shown its capacity to protect against 
disease in the face of an epidemie. If a sufficient proportion of 
a population were vaccinated, these data suggest that transmission 
would promptly cease and the creation of new reservoirs would stop, 
even without a change in the incidence of lousiness. This could 
have been done throughout Burundi if the vaccine had been given on 
a mass saturation scale, but vaccination programs of this kind must 
progress in a step-wise manner to prevent unexpected catastrophes 
and to gain sufficient experience and confidence. In the meantime, 
however, an enormous typhus reservoir has been created and the dis­
ease, now entering the transitional Stage IV will likely proceed to 
a stable endemie Stage V which will be difficult to manage by vector 
control alone, unless there is a very dramatic improvement in the 
capacity of the country as weIl as its neighbors to mount and main-
tain a truly effective country-wide louse control program. ----

Another field study of the E strain vaccine was initiated last 
year in Bolivia where typhus has been endemie, probably for centu­
ries. The overt disease pattern here has been one of isolated and 
localized, sporadic outbreaks of typhus, typical of the highly 
endemie Stage V. Three widely separated populations, totalling 
about 8,000 people and representative of the typhus situation on 
the Bolivian altiplano, were selected for study. Because the effi­
cacy of the E strain vaccine in an epidemie in Burundi in a con­
trolled trial had been demonstrated and because of logistic problems 
related to resources and accessibility of populations, the plan in 
Bolivia was Ca) to study the epidemiology of typhus in these areas, 
Cb) to vaccinate the total populations in each area, if possible, 
Ce) to assess acceptability insofar as possible, Cd) to measure the 
antibody conversion and persistence patterns and Ce) to assess the 
impact of the vaccine on this endemie situation by whatever means 
might be possible. This study is still in its early stages. How­
ever, it was possible to obtain pre-vaccination serum specimens 
from over 16 percent of these populations and to vaccinate nearly 
60 percent down to about one year of age without incident. Six­
week post-vaccination serum specimens have been collected but 
testing is not yet complete. 
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The age-specific CF antibody distribution in the pre-vaccination 
sera from all three areas showed adefinite but low incidence in the 
very young, progressing steadily to an incidence of between 60 and 
70 percent of people' in the SO-S9-year age group. The age distri­
bution of antibodies is typical of the endemic Stage V. Though the 
data are not available, it is obvious that recrudescent typhus must 
be occurring in these older people and that louse-born transmission 
is taking place, often to the young if this degree of endemicity is 
to be maintained. It is also obvious that, if this pattern is 
representative of the situation throughout the altiplano, an enor­
mous number of unrecognized infections must be taking place. Only 
the sharp localized outbreaks involving nurnbers of people are now 
recognized, i.e., just the tip of the iceberg previously mentioned. 
We are hopeful that the E strain vaccine will change the basic epi­
demiological climate here as weIl and will prevent the creation of 
new reservoirs as now must be occurring through inapparent, unrecog­
nized or overt infections. To do so, however, the young must be 
included in the vaccination prograrn, for these form the bulk of the 
susceptibles who now maintain the louse-borne transmission phase of 
the disease. It is of interest, but not significant with regard to 
assessing the protective action of the E strain vaccine, that a 
typical sharp outbreak of typhus with 31 cases and seven deaths has 
been recognized recently in a village near one of our study popula­
tions. We hope to be able to continue these studies on a quantita­
tive basis in order to assess the validity of our concepts and the 
usefulness of the E strain vaccine. 

PROBLEMS OF THE ESTRAIN VACCINE 

From the very beginning of studies on the E strain as a vaccine 
for man, as with any other living vaccine, investigators have been 
concerned with: Ca) reactions in persons receiving the vaccine, i.e., 
acceptability; Cb) poteritial for unrestricted growth in the person 
whose defense mechanisms have been compromised; and Cc) stability 
of the state of attenuation, both in regard to possible increase in 
virulence which might place both individual and cornmunity at risk 
as weIl as possible decrease in virulence resulting in 1055 of 
irnmunogenicity. These are discussed separately below. 

Reactions to E Strain Vaccine 

As with all vaccines and especially with living vaccines, the 
matter of reactions looms large in irnportance as regards accept­
ability and usefulness. Since few vaccines are completely devoid 
of any reactions whatsoever, the suitability of vaccines are often 
judged on the basis of the frequency and severity of reactions 
relative to the need for, and benefits expected from, a given 
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vaccine under a given set of circumstances. For example, smallpox 
vaccine is not without reactions and even severe risks, but there 
is no hesitancy to use it when smallpox is areal threat. Indeed, 
in the past, deliberate inoculation with virulent variola virus was 
accepted by some as preferable to naturally acquired disease. In 
many countries now, however, the threat of smallpox is so small 
that even the risks entailed with the use of vaccinia virus vaccine 
are considered too great. In the same way, the relative merits of 
the E strain vaccine should be considered against the typhus dis­
ease problem in any given situation. 

The unique immunogenicity of the E strain undoubtedly rests 
upon its capacity to induce an attenuated but immunizing infection 
in man (54-79). Indeed, administration of chloramphenicol to per­
sonse inoculated with E strain suppresses the antibody response 
(79). However, it has not been possible to isolate the E strain 
from vaccinated human subjects, either by the inoculation of eggs 
with blood or by the feeding of lice on such subjects (55,64,82). 

On careful observation, two kinds of clinical responses, i.e., 
reactions, have been recognized following inoculation of human sub­
jects (54-79). 

(a) An early reaction, both local and systemic, in the first 
two to three days after inoculation. This early reaction 
is dose dependent and can be avoided by reducing the dose, 
within limits, without significantly depressing its 
immunogenicity. It occurs in both non-immune and immune 
subjects. 

(b) A late reaction, usually 9-14 days after inoculation and 
considered by most as an expression of attenuated infection. 
It is not influenced greatly by dose and is suppressed in 
immune subjects. Some manifestations of the late reaction 
have been observed in up to about 14 percent of non-immune 
subjects. Its severity ranges from simple malaise and 
mild headache to a modified typhus characterized by fever, 
headache, malaise and occasionally a rash in a small pro­
portion of subjects. Even the most severe reactions 
resolve without specific therapy but apparently may be 
shortened by antibiotics. There is some suggestion that, 
like typhus itself, these late reactions are more severe 
in middle-aged persons than in the younger age groups. 

The late reaction is the one of concern regarding acceptability 
of the E strain as a vaccine. Judgements regarding the relative 
importance of these reactions must be made on the basis of the mor­
bidity it produces under the different conditions of use. Thus, 
Fox and his co-workers (63,64) found that the E strain vaccine was 
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generally weIl tolerated in a large field trial in a typhus-endemic 
area in Peru. Our own studies in the U.S.A. in over 1,000 military 
recruits in the l8-20-year age group revealed that the E strain was 
as weIl tolerated as the killed vaccine, as judged by interference 
with duty (79). Russian investigators (65-75) found the reactions 
tolerable in their early experience with the E strain but became 
somewhat more concerned about them as the numbers of inoculated 
persons increased. Indeed, they have more recently investigated, 
with some success, the possibility of giving both killed and living 
attenuated vaccines simultaneously to suppress the late reactions. 
Egyptian investigators (76,77) reported that the incidence and 
severity of reactions were tolerable and did not affect the daily 
activity of 1,350 persons vaccinated in a village near Cairo. 
Finally, we have found that the E strain vaccine was acceptable to 
the populations in our recent field trials in both Burundi and 
Bolivia. More information of this kind is needed. However, the 
growing experience is that the E strain vaccine is weIl tolerated 
by populations in typhus zones; and the reactions experienced are 
indeed minor compared with full-blown typhus fever. 

Potential for Unrestricted Multiplication in the Person 

Whose Defense Mechanisms Have Been Compromised 

It is possible that an agent which behaves as an attenuated 
strain in normal healthy subjects might behave as avirulent strain 
in the subject whose defense mechanisms have been compromised by 
genetic defect, acquired disease or physical and chemical agents. 
Only a limited number of animal studies bearing on this possibility 
have been performed with the E strain. Thus Genig (83), comparing 
the virulent Breinl and the attenuated E strains in guinea pigs 
which had been stressed with cortisone, found adefinite intensifi­
cation of infection caused by either large or small doses of the 
virulent Breinl strain but could demonstrate only slight intensifi­
cation of infection even with very large doses of the E strain and 
no effect with small doses. Weiss and Dressler (84) found that 
heavy irradiation of chick embryo entodermal cells in cell culture 
did not enhance infection with the E strain, but simply elicited a 
more rapid release of the microorganisms during the period in which 
the host cells lysed. Fabrikant (79,85) failed to find evidence 
for enhanced infection with the E strain in both mice and guinea 
pigs which had been subjected to very heavy doses of whole body 
X-irradiation. Thus, the limited evidence available to date does 
not suggest that the E strain readily exhibits dangerous properties 
in the host whose defenses have been compromised by these two 
mechanisms. 
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Stabi1ity of Attenuation 

The properties of most microorganisms can be altered by manipu­
lation of the se1ective pressures to which they are exposed. In 
the case of 1iving attenuated vaccines, the important question is 
whether or not important changes in properties, i.e., reversion to 
viru1ence or the acquisition of new undesirab1e properties on the 
one hand or 10ss of immunogenic capacity on the other, are 1ike1y 
to take p1ace under the conditions of production and use as a vac­
cine. 

When the information avai1ab1e today about the E strain is 
examined from this point of view, one finds that its properties are 
remarkab1y stab1e under the conditions of production and use as a 
vaccine. Thus, the vaccine is produced by most investigators by 
growth in the yo1k sac of embryonated hens' eggs. It is the opinion 
of all the investigators whose work has been reviewed (54-79,86,87) 
that seria1 passage in the yo1k sac, which now has attained upwards 
of 270-500 passages, neither enhances nor diminishes its viru1ence. 
Indeed, in this host it has disp1ayed a most remarkab1e stabi1ity 
of attenuation. 

When one examines the information that is avai1ab1e about 
stabi1ity of attenuation under conditions of use as a vaccine in 
man, one finds simi1ar evidence of stabi1ity. A1though the evidence 
presented above suggests that the E strain rare1y, if ever, causes 
sufficient rickettsiemia in man to infect 1ice, severa1 investiga­
tors have studied the behavior of the E strain in human body 1ice. 
The E strain has been found to grow in the gut epithelium of arti­
ficia11y inocu1ated 1ice, but the degree of invo1vement of the 
10use gut epithelium has been reported to be lower and the destruc­
tive changes 1ess prominent than in the case of infection with a 
virulent strain (57,82,88,89). Three different investigators have 
studied the effect of seria1 10use passage (1-25 seria1 passages) 
on the viru1ence of the E strain and have found no change in the 
state of its attenuation (82,89,94). Thus, under conditions of use 
as a vaccine, it wou1d seem high1y un1ike1y that 1ice wou1d become 
infected with the E strain but, even if the rare 10use did become 
infected and transmit the strain, it is not 1ike1y that this passage 
through the 10use wou1d be accompanied by an increase in viru1ence. 

One possib1e situation has not been investigated, a1though 
there is no evidence yet for its occurrence. It is conceivab1e 
that in the rare instance there cou1d be reversion to viru1ence 
within the vaccinated human subject. If this did occur, it wou1d 
not be 1ike1y to caus e any immediate threat, ei ther to the vaccinated 
individual or to the community, because (a) such areversion wou1d 
presumab1y occur on1y in a very sma11 fraction of the organisms 
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present and (b) immunity induced by the attenuated organism develops 
so rapidly that the hypothetical virulent mutant would have little 
chance to multiply sufficiently to cause serious disease in the 
vaccinated person or to infect lice. The possibility, however, 
that such hypothetical virulent organisms persisting in the vac­
cinated subject might constitute a reservoir for future recrudes­
cence cannot categorically be excluded at this time and warrants 
investigation. 

When viewed from the perspective of production and use of the 
E strain as a vaccine for man, the interesting and important, but 
not entirely surprising, finding of Balayeva (90-93) that a viru­
lent strain, stable in subsequent egg passage, can be selected from 
the E strain on serial passages in the lungs of mice loses much of 
its significance as a deterrent to the use of E strain as a vaccine 
because in practice such an artificial selective press ure would not 
occur. Of somewhat greater concern, however, is the report by this 
same group (91) that virulent strains were isolated after one to a 
few passages in guinea pigs after heavy inoculation with the E 
strain. There are certain inconsistencies in this report, viz., 
the reference to fever persisting as ~ong as five days after E 
strain - a phenomenon unknown in our laboratory - which make it 
mandatory that these studies be repeated independently in other 
laboratories where no virulent strains exist and that additional 
modern genetic techniques be applied to the study and quantitation 
of variation in virulence in the E strain. 

SUMMARY 

A. A simplified conceptual framework of the natural history 
of typhus, based upon the interactions of agent, vector and human 
host, has been presented with which it is possible (a) to classify 
most naturally-occurring typhus through measurements which are 
readily performed with available methods and (b) to predict the 
effects of control measures and other factors on the basic epidemio­
logical state. 

B. The crucial role of the typhus reservoir, i.e., the typhus 
convalescent person who still harbors the organism and who may sub­
sequently succumb to recrudescent disease in which the rickettsiae 
again become accessible to lice, has been stressed as it relates 
the epidemiology of typhus and to the long-range objectives in 
typhus control. 

C. The special problems related to typhus and typhus control 
in developing countries -- epidemiological, situational and opera­
tional -- have been reviewed briefly. 
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D. The principles of typhus control and the control measures 
available have been reviewed, in.the context of the epidemiological 
model of the natural history of typhus infections, with regard to 
Ca) their immediate effects on the occurrence of typhus and their 
capacity to effect a long-range change in the basic epidemiological 
climate, Cb) their practical applicability to typhus control pro­
grams in developing countries and Cc) some of their special limita­
tions and problems. 

E. The need for, and value of, careful quantitative epidemio­
logical studies of typhus in areas und er consideration for control 
programs are stressed in order to select appropriate control mea­
sures and predict their effect on both immediate and long-range 
aspects of the problem. 

F. Preliminary results of field studies in progress on the use 
of the living attenuated E strain vaccine in both epidemic and en­
demic typhus in Burundi and Bolivia are described. Practical and 
theoretical advantages of a typhus vaccine which imparts a durable 
immunity after a single dose are stressed, especially under condi­
tions where effective louse control programs cannot be mounted and 
sustained. Both practical and theoretical problems of such a vac­
cine, i.e., reactions and stability of attenuation, are discussed. 
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