BORRELIA

STRAINS, VECTORS, HUMAN AND
ANIMAL BORRELIOSIS

By

OSCAR FELSENFELD, M.Sc., M.D.,

Chicef, Division of Communicable Diseases
Delta Regional Primate Research Center
Professor of Tropical Medicine and International Health
Tuwlane University School of Public Health and Tropical Medicine
Vislting Professor of Microbiology
Tulane University School of Medicine
Member, International Taxonomic
Subcommitiee on Spirochastales

Watx1a oo

FANYECRIGENTIAE

WARREN H. GREEN, INC.
St. Louis, Missouri, U.S.4.,




DEDICATION

TO: Dr. M. Baltazard, Director Emeritus, Pasteur
Institute, Teheran; Professor A, Rafyi, Di-
rector Emeritus, Hessarak Institute, Iran;
Professor A. Geigy, Swiss Institute of Trop-
ical Medicine, Basel; Dr. Charles M. Wheel-
er, Research Entomologist

and the Memory of the late Professor E. Brumpt,
Parasitology Institute, Paris

whose patient instructions, friendly guidance, kind

encouragement, competent support, and under-

standing criticism have made my studies of Bor-

relia possible and pleasurable during the past 35

years.

Published by

WARREN H. GREEN, INC.
10 South Brentwoed Blvd.
St. Louis, Missouri 63105, U.S.A,

All rights reserved e ’ .
@ 2020 - L DF with Povienie

© 1971, by WARREN H, GREEN, INC,

Library of Congress € aralog Card Number 72-127335

PREFACE

D ESPITE PERIODIC REPORTS that tick-borne relapsing fever occurs
sporadically over more than half the area of the entire Conti-
nental United States, the numerous deaths due to this disease in
the drier parts of Asia and Africa including the thousands who
become its victims in Ethiopia and the Sudan every year, the un-
known toll in lives and suffering that the disease is still taking in
Central and South America, and the ever-present danger of re-
currence of epidemics should the louse-borne form burst out of
its present confines if or when a disaster creates favorable con-
ditions for such spread, only scanty notes on relapsing fever can be
found in the medical literature of the United States today.

One is amazed at the confused nomenclature and the mass of
misinformation concerning the transmission and vectors (some of
which has managed to creep into even respectable textbooks). The
considerable variations in the clinical picture during various out-
breaks and in widely separated localities, and the unusual immu-
nologic conditions that accompany the infection should be empha-
sized so that the medical profession can be alerted should an out-
break occur in this country.

The genus Borrelia that causes human relapsing fever includes
some species that are of interest to the dentist (Borrelia vincentii),
and to the veterinarian (B. anserina, B. theileri). Borrelia infections
appear in man as relapsing fever and in animals as so-called fow]
spirochetosis, or tick-transmitted spirochetosis in cattle, which are
clinically defined entities. This monograph deals principally with
human relapsing fever and fowl spirochetosis, while exploring other
conditions in which borreliae may play a role. The discussion of
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VIII BORRELIA

the borreliae and their vectors, the pathology caused by them, and
other features will be presented in separate chapters discussing
borreliosis as human relapsing fever, cattle and fowl disease, and
Vincent's angina, respectively. Each of these chapters will deal
separately with the species of Borrelia involved, and with the con-
sequences of the infection. Borreliae that have been isolated from
vectors only, and not from man or animals, will also be enumerated.
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HUMAN BORRELIOSIS 119

Splenic rupture may cause death, More than 90% of pregnant
women abort when infected with Borrelia (298, 552).

Herpes labialis is frequent, especially in louse-borne infections
(503) but may occur also in tick-borne borreliosis with varying fre-
quency (335, 476, 503).

Secondary infections of the respiratory tract are common. Sal-
monellosis is often a fatal secondary infection (17). Epidemic
typhus fever presents a grave menace (734). Latent malaria and
kala azar may be activated by relapsing fever (202).

Reinfection

Kudicke er al. (427) called attention to the role played by treat-
ment in the development of resistance against reinfection. If the
disease has terminated abruptly, before antibodies developed, re-
infection with the same strain appears a distinct possibility. Rein-
fection, however, is rare in louse-borne epidemics if proper hygienic
measures are enforced, principally delousing and prevention of re-
infestation with ectoparasites. However, reinfection may occur in 2
months according to Simmons (647), in 1% to 6 months accord-
ing to Whitmore (731), and in one year according to Mas de Ayala
(476). In tick-borne infections in Central Asia, Kassirsky (398)
observed a shorter period of immunity against reinfections but
Grothusen (326) demonstrated that the disease caused by B. dut-
fonii in Africans may be as severe as in Europeans who did not
have an opportunity to acquire premunition during their childhood.
Childhood infection is, however, of paramount importance for the
response to a later infection according to other authors (263, 303,
443, 715, 732).

Apparently, recurrence versus reinfection should be re-evaluated
also in relapsing fever (263),

Hereditary immunity is a moot question. Nohira (546) demon-
strated in rats that the offspring of the female infected with B. recur-
rentis is immune to the homologous strain for about 2 months.
Women with relapsing fever usually abort and few data are avail-
able about infants delivered at term, except in studies of congenital
transmission. Such instances were described in the United States
(183, 283, 505); by Garnham (1936), Caldwell (1936), Krober
(1936) and Correa ef al. (1964) in Africa (139, 203, 292, 424);
and in other areas (176). Further studies of transplacental anti-
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body transmission are most desirable, principally in regard to the
recent concept of immunoglobulins of which only the small-sized
IgG appears to be transmitted to the newborn,

Prognosis and Mortality

Sterling-Okunewski (669) demonstrated that the number of bor-
reliae in the peripheral circulation has no bearing on the severity of
the disease or on the prognosis of relapsing fever.

Mayer (482) considered continuous high fever, deep jaundice,
extensive hemorrhages, and coma as bad prognostic signs. Ledn
and Leén (443) added to this list endocarditis and myocarditis.
Bryceson et al. (127) called attention also to persistent Q-Tc in-
terval changes in the ECG, disseminated intravascular coagulation.
hepatic failure, cerebral edema, and shock as serious prognostic
signs. Pneumonia was cause for a bad prognosis in China (176).

The disease frequently has a severe course in infants,

The case fatality rate in louse-borne relapsing fever depends on
the nature of the epidemic and on the availability of treatment. The
average mortality in Europe was 4 to § % ; however, in China,
Indochina, and India before World War II it fluctuated between
25 and 80%, especially in untreated individuals (495, 731). The
small but severe outbreaks in Darjeeling (392) and Assam (152)
produced many fatalities, while in Iran few treated patients died
(337). On the other hand, in Peru, in spite of the lack of intensive
medical care, the case mortality rate was below 2% (164),

During World War IT when arsenicals were routinely used, only
0.25% of the treated patients failed to recover, whereas in China
about 40% of untreated patients died (163). In Abadan, where
good medical care was available, the mortality rate was 1.1%
(87). Wide variations, from 1 to 46%, were observed in Tunis,
varying according to the locality and the available treatment (323).

In the epidemic following World War II, the case [atality rate
was 5 to 10% in untreated individuals, 8.5% in the poor, and
3.6% in the well-to-do (298). The mortality rate among child-
ren reached 65% in some areas.

Manson and Thornton (467) calculated a case fatality rate of
0.3% in East Africa, and 4% in West Africa. Garnham et al.
(296) encountered a 40% mortality among the untreated. Geigy
(303) reported 0.7 to 70% deaths. )
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always a possibility (253). Proteinuria was noted (74) practically
in all instances early in the disease; Pifano (573) observed it dur-
ing the later course of the disease. Urinary findings resembling
those of nephrosis have been recorded (176, 298, 469).

There is fluid loss (464) due to sweating and fast breathing.
Blood urea nitrogen is increased. Plasma Na and K are increased
but not constantly; Cl is often low in borreliosis in Abyssinia ac-
cording to Bryceson et al. (127). These authors also noted an in-
crease in gamma globulin, possibly changes in beta globulin, and
a decrease of alpha globulins and albumin in some sera.

The “neurotropism” of borreliae has been a constantly recurring
puzzle. It may be strain-specific because reports on species-specifi-
city list too many exceptions, The infection of the C.N.S. may be
latent (133). Garnham et al. (296) found, in louse-borne relaps-
ing fever of Kenya, degeneration of the ganglion cells of the cere-
bellum without meningovascular changes but stated that glia cell
reactions may be extensive. B. recurrentis may remain in the C.S.F.
for 65 to 69 days (582, 583). Borreliae were found in the C.S.F.,
in the brain, as well as in brain tumors, in East Africa (590). In-
creased globulin was observed in the C.S.F. (175). Lodewyckx
(454) noted lymphocytosis in the spinal fluid principally in B.
duttonii infections. The clinical picture appears to be dominated by
the consequences of the hemodynamic changes in the C.N.S.,
their localization, and extent.

The heart may show endocarditis (607), Other authors (17,
391) have emphasized myocardial changes seen at autopsy. Hemor-
rhages of various size may be found in practically every organ.

Borreliae in the skin and the histology of the hemorrhages were
studied by Taft and Pike (674) who found the organisms in the
skin also between attacks, and by Judge and Perine (391) who
investigated biopsy specimens.

Abortion is very frequent. About 92% of pregnant women lose
their children when they contract relapsing fever (552).

It is expected that the variations of the borreliae, their parti-
cular predilection for certain localizations, the uncommon im-
munologic responses, together with the hemodynamic changes
analyzed by Parry et al. (562) may assist in understanding the
motley and protean clinical course of relapsing fever.

98 BORRELIA

CLINICAL PICTURE

Attempts have been made to demonstrate a common denomina-
tor or to establish differential diagnostic criteria between louse-
borne and tick-borne relapsing fever. Since we are confronted with
One or more agents of varied pathogenicity and organotropy, with
changes in the course of the illness according to epidemics and lo-
calities as well as with sick people but not diseases per se, this task
is rather difficult if not impossible.

Clinical Course

The clinical course of relapsing fever has been described by
several authors, such as Calwell (139), Selwyn-Clarke er al.
(636), Robertson (606), Robinson (608), Davidson (215), Ban-
well and Kibukamusoka (67), Whitmore (731, 732), Bryceson
et al. (127), and others to whom frequent reference will be made
in this chapter.

Generally speaking, the course of human relapsing fever con-
sists of an incubation period, the first attack, and, at intervals, of
relapses. The typical “relapse course” is not always followed. There
may be an irregular temperature curve (149, 345) or only one
febrile attack (657). The severity of the disease often depends on
circumstances which deserve further discussion even though the
currently used classification (443) into severe, mild, ambulant,
latent, and atypical forms, is of considerable use for recording,

Severity of the Disease

Tick-borne relapsing fever is usually more severe and more pro-
longed than the louse-borne type (149). There is an amazing varia-
bility, however, from outbreak to outbreak, as well as from one area
to another. Individual susceptibility and residual immunity also
may be important. While, for instance, in North and in East Africa
Borrelia infections are severe in Europeans and mild in the local
population (467, 642), in West Africa relapsing fever is equally se-
vere in both Europeans and Africans. Variations in the severity of
the disease according to geography are also interesting. Louse-
borne relapsing fever was very severe in 1912 in Indochina (495)
and in Gurkha laborers in Darjeeling (392), but it was very mild in
Turkey and Egypt (139). Tick-borne infections have been de-
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