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INTRODUCTICN

Leptospircsis is a disease affecting man and animals
and is o major zoonosis. 1t is primarily regarded as an
cccupational disease of livestock owners and attendants,
veterinarians, slaughtermen, sewage workers and otherﬁ
engaged in related activities, The etiologic agent is a
spirochete of the genus Leptospira, tentatively "speciated"
into two "complexes": parasitic and saprephytic or biflexa.

The International Committee on Nomenclature of Bacteria

recognizes more than 140 serotypes divided into 18 sero-

groups (Anon., 1967).

Although leptospirosis appears to be worldwide,
knowledge of its geographical distribution is incomplete
(Turner, 1967; Szatalowicz et al., 1969; Sulzer, 1975) .
Surveys carried out in different arecas of the world
indicate that it is a water-borne zoonosis and that rodente
and wildlife are the important vectors. The presence of

these carriers in a moist environment and their numbers,



as well as contact with livestock and man, are important
factors in the epidemiology of leptospirosis in any
envircnment. Tropical regions would tend to favor endemic

leptospirosise.

In Africa, leptospirosis has been found in Zaire,
South Africa, Uganda, Kenya, Sudan, Ethicpia, Egypt,
Tunisia, Moroccc, Senegal, lali and Migeria. The status
of leptospirosis in West Africa is largely unknown. In
Nigeria, the literaturc is limited to two small lepto-

epirosis surveys (Collard, 1962; Turner et al., 1975).

Nigeria is primarily an agricultural country with
approximately 80 per cent of its pcpulation engaged in
agriculture and related activities. The population of
approximately 70 million live in an area of 923,768
square kilometers, extending from the Gulf of Guinea to
the sahelian belt (Appendix 1). Two rivers, the Niger
and the Benue, cross the country midway and contribute to

a variety of eco-climate zones.

Livestock estimates from the Federal Cffice of

Etatistics for 1971 are: 10.8 million cattle, 27.5



million goats, 8.2 million cheep, and 1 million pigs.
Over 90 percent of the cattle are located in the savanna
and sahelian zones above the Niger and Benue rivers.
Associated with cattle is a pattern of transhumance from
the northern dry zones to the southern mid-belt area by
nemadic Fulbe (Fulani) cattle rearers seeking grazing and
water for their herds during the hot dry season (dry and

pre-rain).

Goat rearing is important, particularly in the north-
western region (Sokoto and Katsina). Sheep are important
in the north-castern states (Borno, Gongola and Kano).

Fig rearing is practised mainly in the southern part of
Nigeria although large commercial piggeries exist in Kano

and Minna.

Sugar cane is an important crop primarily in the
irrigated alluvial valleys of Zaria, Kano, Katsina and
eastern Sokctoe The Nigerian Government policy is to
overcome water shortage in the northern areas by drilling
bore holes, building dams, and by establishing irrigation
schemes. At the same time, the federal and state govern=-

ments are providing land to encourage nomadic Fulbe



to settle. Whilc these measures will improve cattle
production and the welfare of Fulbe cattle owners, they
will create conditiens favorable for spreading leptospi-

roeis to catile, sheep and goats and from animals to man.

The aim of the study was to investigate the public

health significance of leptospirosis in northern Nigeria by:

1. A scrological survey of livestock and man; and
2e A bacteriological survey of potential reservoirs

for man.



PART 1.

REVIEW OF LITERATURE



Historical

When Goldschmidt first used the term Weil'e disease
he was referring to a condition described by Adolf Weil in
1882 (Alston and Broom, 1958). Four patients had been secn
by Weil with the following symptoms: hepatomegaly, sple=
nomegnly, jaundice, renal invelvement and rapid recovery.
Weil differentiated this disease entity {(later to be known
as leptospirosis) from 1) catarrhal jaundice, 2) primary
nephritis, 3) yellow atrophy of the liver, 4) septicemic

fever, 5) recurrent fever, and €) biliocus typhoid fever.

Landouzi had earlier associated this particular
disease with men working in sewers (Alston and Broom,
1958). He postulated that it came from emanations from
sewage and immunity developed after a while. The French

called it icterus gravis (infectious jaundice). In 1915

Bogge described the disease as a type of infectious
jaundice with fever, cnlargement of spleen and liver,
nephritis, muscular pain and accompanying icterus. It
was not until 1914 that Inada and coworkers characterized

the disease by clinical diagnosis (Inada ¢t al., 1916),



They saw spircchetes in hepatic tissue of a guinea-pig
infected with blood from a patient suffering from Weil's
disease; similar results werc obtained from 1% out of 17
patiente. Catarrhal jaundice patients failed to yield
positive results. They concluded that the spirochete was
the causal organism of Weil's disease and named it

Spirochaeta icterohemorrhagiae. Inada et al. (1916)

proceeded to characterize the disease. In a survey they
found 40 per cent of 86 house and ditch rats infected with
the spirochete. Clinically, the leptespiruric phase in
patients occurred 25 days after onset of illness. They
further demonstrated active immunity by persisting titers

n
gp infected individuals,

In Germany, Hubner and Reiter (1915) independently

discovered the spircochete and named it Spirochaeta nodoga

while Uhlenhuth and Fromme (1915) called it Spirochaeta

icterogenes. OCther pionecer workers in Burope included

Stokes and Ryle (1916) in the British Flanderse, Dawson and
Hume (1916) in Belgium, and Costa and Troisier (1916) in

France who described and characterized %weil's disecase.



Leptospirosis is not new in the Soviet Union. Bakin
in 1880 submitted 2 theory on the infectious nature of
catarrhal jaundice, which was the basis for a later
description of a form of icterchemorrhagic leptespirosis.
In fact, icterchemorrhagic leptospireosis is referred tco
in the Soviet Union as "Weil's - Vasilyev" discase
(Varfolomeceva, 1964) in honor of & Russian who pioﬁeére;
research on the etiology of the discases The term Ymarshe
fever'' coined by the Ernglish is no more than "water-fever®
described by Baschenim in 1927 and rcfers to grippotyphosa

fever.

Since then, the bulk of work on leptospirosis has
centercd around epidemiology and ecology. It has been
established in Eurcope that leptospirosis there is meore

prevalent in the scuth than in the northern colder regionse.

Present Non«African Status of Leptospiresis

In Finland, seven serogroups have been reported and

pomona and tarasscvi were not reported in man (Kathe and

Mochmann, 1967)., In Denmark, it has been found that



leptospircsis is equally distributed in rural and urban

arcag. Serogroups hebdomadis, icterohemorrhagiae and

canicnla werc the mogt frequently reported (Turner, 1967).

e

Eight serogroups are present in the United Kingdom and
the disease has occurred sporadically though it remains on

vccupational hazard.

In France, Gaumont {1966) reported eight serogroups

of which icterohemorrhapgiae was the most prevalent. Again

the discase was primarily an occupational hazard.

In Nethorlands, there is a centre in Amsterdam where
most of the research on leptospirosis in Europe has been
carried out. Leptospiroesis is a reportable disease in the

Netherlands and L. canicola and L. grippotyphosa are the

most important serotypes.

Other countries wherec leptospircgis has been studied
are Hungary (Fuzi gt al., 1957), Bulgaria (Matteew and
Manew, 1975), Romania (Tropciu and levin, 1967), Poland

and Czechoslovakia (Kmety, 1954).

Fourteen serutypes have been found in the USSR.

=



Of these, eight (L. icterchemorrhacine A, B; L. caniccla;
L. grippotyphosa; L. npomena; L. tarossovi; L. bataviac; and
L« hobiomadig) are of pathogenic importance to man and

animals {(Varfelomcoova, 1964).

In the Middle Enast considerable work has becn done in

Igraecl. ' ) _ o "

Serotypee priprctyphosa and bollum have buoen isolated

from hedgehoge and rats (Van der Hoeden, 1958). Serotynes

¢anicola and grippotyphosa are important pathogens for man

and animals. Mere recently, scrotypos adamana CilII has

been isclated from rats (Shenberg ct al., 19750

In Iran, L. grippotyphosa has becn isolated from sheep

and eattic (Rafyi and Maghami, 1961).

In the Far BEast and Augtralia similar seroﬁypes hav§
been isclated except that L. celledoni has only beon reported
in Australia (Buncharaginti et 2l., 1966). It is estimated
that 25 - 35 per cent of the population in Thniland have a

leptospircl titer,

In the United States of America, 12 main scrotypes
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have been reported; the most significant being L. canicola,

L. icterchemorrhagine and L. grippoctyphosa (Alexander, 1960).

Leptospirosis in Afrieca

Leptospirousis was recognized in Africa as early as 1933
following an epidemic of jaundice in a colony of Buropeans
using the samc swinmming pool (hadamer and Certi, 1933). The
disease had typical signs and symptoms and positive serclogy
was confirmed by Schuffner in Amgterdam anrnd by Fetit in Paris.
However, it was not until 1946 that systematic study of the
diseasc was started by Van Riel. He isolated 21 strains
belonging to eight serogrovups around Lake Kivu area of Zaire;

18 from human paticnts, 2 from rodents (Arvicanthus abyssi=

nicus), and one from water. Later Van Riel and Van Riel
(1956) conducted a systematic study of reservoir hosts and

prevalence. Serogroups icterchemorrhagiac, grippotyphosa,

bataviac, hebdcmadis, butcmbo were found to be most prevalent

in the species examined. ©Scme of their isclates are now
recognized by the VHCG/FAQO expert group on leptospirosis as
reference strains. These include L. butembo, L. ndambari,

L. ndahambukuje, L. kamituga, L. kabura, and L. bafani

(Anon., 1967).



i i

A number of surveys for leptospirosie have becn
carried out in various parts of the African continent.
In South Africa, Harris and Saner (1942) started a survey
which was follcowed by Rademan (1964) who isolated seven

strains of L. icterohemorrhagise from rat kidneys.

Following an epidemic of canine leptospirosis in Bulawayo
in Zimbabwe, Graf (1965) found only one positive out of
505 human sera examined and he was unable to isolate

leptospires from rats.

In ¥ast Africa, an epidemic of leptospirosis in live-

stock due to L. grippctyphosa was described by Burdin et al.

- -

(1958). This was followed later by an epidemiologic survey
of reservoir hosts (Ball, 1966). A prevalence of L.

hebdomadis and L. grippotyphosa was found in livestock,

while L. grippctyphosa and L. icterohcmorrhagiae were

isolated from kidneys of rodents caught in Kenya.

The first report of leptospiresis in Ethiopia was by
hoch gt al., (1975) after testing 758 sera from domestic and
wild animals. L. butembo was prevalent in the majority of
animals tested and L. grippotyphosa prevailed in dogs and

caemels.
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Surveys in North Afriea havé been more comprehensive
{(Mailloux and Kolochine-Erber, 19613 Mailloux, 1963
Durand ¢t al., 1962; Brownlow, 1963). The common sero-
types were found cxcept that L. sutummalis was found only

in Egypt, and L. pomgna, L. ballum, 1. hyca, and L.

tarassovi only in Merceeo. Frevalent serotypes are

augtralis, canicola, icterchemorrhagiae, grippotyphosa

and hebdcomadis. L- grippotyphosa was isclated from Mug

musculus in Egypt and from cattle in Tunisia. One isola-

tion reported frem Algeris was L. biflexa.

In West Africa, reference to leptospiroeis is limited
to case reports in West Camercons, Guinea (Wilbert et al.,
1927), (Graf, 1933}, and Senegal (Llovercl, 1946). Fry
(1967) drew attention to endemic leptospirosis in parts
of West Camerocns, by revealing that 25 per cent of 200
patients with F.U.CG. (fever of unknown origin) had
leptespirosis. Although all the positive patients had
pyrexia, only about 35 per ccnt had icterus and albumiw

nuris,.

A serclogical survey of livestock in Senegal

revealed multiple infections and a 20 per cent infection
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ratc in cattle, 9 per cent in shecp, 4.4 per cent in

pige, and 0.6 por cent in goats. L. icterohemorrhagine

wes isolated Irom = rat (Crigetomys gambianus). A sixe

year sarcloprical study in Dakar of patients with suspected
diagnosis «f Leptospirosis confirmed only 6.4 per cent

(S8ank=le¢ et al., 1974).

e Sapin

In Ghona, Kinebuchi and Afoakwa (1973) found 21.2
per cent positive seroreactors to leptespirosis in 99
cases of suspected infectious hepatitis. The prevalent
seratypes were thoe szme as in Senegal except that no

reactors were found for hebdomadis, jovanica, pyrogenes,

pomena, zrippotyphosa, and australis. A& greanter diversity
of sercitypes werc found in patients frem the humid forest

areas compared te the dricr nerthern savanna.

There are few records of leptospircsis in Nigerine

: As far ns can be ascertained from the recorde of the Mini-
getry of Health and veterinary records, loeptospirosis did
not even figure ip the 1ist ¢of reportable zoonosces. Leach
and Crinon (1943) reported a casc «f leptospirosis in
Scouthern Nigeria from a patient suspected of yellow fover.

Ccllard (1962) demonstrated Leptospira canicola nntibodics

in L,5 per cent of the population in Katsina, Keduna, Stote.
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In 1975, a tean f students from the Reyal Veterinary
Cellepge, University of Londin, tested sera from 955 cattle
from Kaduna, Kano, Gongela nnd Sokoto stotee and 48,0 per
cent werc pusitive. Annlysis of thce pogitive reactors
revealed that 63.9 per cent came from semie-nomadic herds,
36.8 per cent from perumanent farms, =nd 16.4 per cent from
abbatcirs serples (Turncr ct akes 1975},

-

Nomencl-ture

It was reecognized carly that all loptospira were in-
distinguishable worph:logically (Noguechi, 1917). HNepguchi
propesed creation of the genus lLeptospira to be included in

the crder Spircchactales. (Leptos meaning thipn; spira

meaning thread).

Babudicri (1949) suggested division of the order
Spirochaetales inte two familices based on optical and
ultrastructursl studies and prescnce or absence of scenta,

axostyles, nmecmbrones, flagella and cytoplasmie inclusicons

(Fig.1).

The ¢i ht edition of Bergey's Marual of Determinative
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Boctericlosy includes the genus Leptospira in the order

Spircchnetolces, family Spirochactocene with four other

generat: Spirochscota, Cristispira, Trepocncma and Borellia.

Structure

Leptospira are deseribed as slender, flexuous, helicnl,
single cells of € - 20 um lengthy 0.2 = 003 um diomcter,
and 0e3 = 0.9 um pitch. DBocth ends may be bent ond the hook
may disappeanr on subculturing. Motility is by axial fila-
ment by onc of threc wayst

a) shunting alonyg the axis;

b)  rapid rotation clong the axis (cecillation); or

c) flexion of the cell,

Leptospira are not readily visible by Giemsn or Gram
staining. They are vieible in tissue sections staincd by
Levaditi's silver stein or its modification by Fontana
(Drury ~nd VYallington, 1967). In fluid they are best
observed by derkfield nicroscopy and can also be secn by
immuncperoxidagc staining (Tripafthy and Hanscn, 1674),

Menbers of the genus arce Gram - ncegative and non-sporing.
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Electron microsecopic studies of the structure of
leptospira have been carried out (Ritchie end Elling-
hausen, 1965; Wauman et al., 1969; Chang et al., 1970;
Babudieri, 1972; Birch-Anderson et al., 1973) and four
main anatomical feutures have been revenled:

1) a prokaryctic cytoplasmic body delincated by a

¢ytoplasmic membrane containing a less electron

dense nuclear region containing delicate stands of

DNA material;

2) a rigid muccopeptide containing layer associated
with the cyteplasmic membrane which remains intact

after treatment of the cells with Teepol;

3) two axial filaments, each inserted in the cyto-
plasmic body subtorminally at opposite ends of the
organism. These filaments are structurally analogous
to flagella of Grame-negative bacteria in their mode
of attachment except in the size and visibility of

§ and ¥ rings of the basal body {De Pamphilis and
Adler, 1971). These structures are actually larger

in baeteria than in leptospira; and
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i) an outer membrane enveloping the entire membrane
thus making it a fivee~layered cnvelope: a three-
layered organism covered with a two=layerecd structure

(Buckmire, 1970, 1973).

Classification

Leptospira have becn claseified on the basis of hoot
specificity, discase symptoms, carrier hosts, and geogra-
phical distribution (Idec gt al., 1918; Schuffner, 1938),
Isclation and description of the same serotypes in other
parts of the world have limited the usefulness of this
basis for classification. lost serotypes described were
isolated from field rodents and were anlso found to infect

man .

In his observations of local strains of Weil's
disease agent in the neighborhood of Lake Kivu (Zaire),
Van Riel (1946) noted that relapesing infectious jaundice
(icterus gravis) was only one of the variable types of
infection but the most frequent. Both icteric and non-
icteric as well as meningitic types occurred. He asserted

that symptoms depended on which of the three body parts
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were attacked (liver, kidney or meninges). In addition,
inapparent casges existed in populations exposed to
infection. This refuted the species classification
advocated earlier by Schuffner (1938) that the 19 known
entigenically autonomcus species of Leptospira differed
in their geographical range, clinical symptoms, animal
hosts, and pathogenicity to laboratory animals. Van Riel
further pointed ocut that the known distribution of lepto~
spira in the world did not follow any obvious rule. The
same strains had been isolated in Eurcpe, Africa and
Asia. The diseace incidence was rather more consistent
with an occupational hazard and that the great majority

of cages were derived from water.

Since it has been recognized that leptospira are
indistinguishable morphologically, culturally and metabo-
lically (Babudieri, 1954), the four most important variable
are:

1) Fathogenicity and cress - protection against

infection; this varies with age, sex and physiolo=

zical state of the species of animal concerncd. It

also depends on the identity ond virulence of the
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leptospira under test (Chernukha et al., 1975).

2) Clinically, infectirn verics frem a mild fobrilc
illness to o fulminnting discase which is fatal,

This may depend on the particular stage of disease in
the animal, since the arimal may be a earricr, convale=-
scent or normal, or it may not bce susceptible. Further,
not 21l leptospira sp. produce claseical disease symp-

toms with icterus (Dirnbaun ct al., 1974},

3) Hoet sclection depends on specificity of the
infeeting Leptespira sp. and on contaet possibilitics.
Cne animal may cet as n carricr for more than one
svecics or conversely onc species may infcet different

hoste (Yu 2pd Wu, 1965).

) Antigenic ccompesition of the Leptospira sp. may

or noy net be a stable characteristic.

Cf thcee four vericblos only thce fourth scems to be
based on intrinsic propertice of Lepteospira, and therefore

is the most losical mnrker for an objcctive speciation cf

the genus Leptospira.
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. suggested a classification based on cross~absorption

agrlutination studies. 8ince most of the above criteria

- are ungtable and the bicnomics of leptospira are still

poor, thcy proposed as an interim alternative, the use of
the term serotype (serclogical typel instead of species,
to designate atrains of the same antigenic constitution.
Accordingly, two strains belong to the same serotype if:
"after crosge absorption with adequate amounts of heteroe
logous antigen, 10 per cent or more of the homologous

titer regularly remains in each of the two antisera”.

This preposal is elaborates and requires care in
per formancce. It has, in the past led to discrepancies and
errors (Babudieri, 1968; Kmety, 1970}, It has been accepted,
however, and is widely used. It has also taken care of the
exigtence of the so-called "incomplete" and "complete® Lio=-

types (CGispen and Schuffner, 13939,

" Antisera to two strains of L. icterchemorrhagiae M20

and RCGA were prepared. absorption of anti M20 with RGA
made the anti M20 hemologous tu M20 only but when anti

RGA antiserum is absorbed with $2Q, no homologous antibadies
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remaineds Hence M20 strain had antigenic components of
RGA in addition to its own, These two strainsg came tc be

identified as L. ictcrchemorrhagine A. B. for the complete

M20 biotype and L. icterchemorrhagiase A for the incemplete

RGA biotype (Gispen ard Schuffner, 1939).

Similarly biotypes of L. autumnalis, L. canicola A
and L. benjamin (Van Riel, 1946) L. grippotyphosa AB,
L. wolfii A (Alexander et al., 1955), L. ballum AB, and
L. mini A were identified but this nomenclature is no

longer used.

Different attempts have been made to find other
criteria for classifying leptospira. Enzymatic propertics
including lipase activity and purine analogue sensitivity
have been proposed as factors for clagsifying leptospira
(Bakoss =nd Chorvath, 1965; Johneon and Harris, 1968). On
the basis of sensitivity to 8-Azaguanine and lipase activity,
Johngen and Harris (1968) were able to divide the parasitic

complex L. interrogans intc three groups: Group 1 specics

inhibited by B=Azaguanine at concentrations of 200 mcg/mi
or 10 mer/ml of 2, 6-diaminopurine (DAF) (leptospira in this

group possess lipape activity); Group II species, able to
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grow in medin with 10 mcg/ml 2, 6-DAF and sensitive to
8~-Azaguaninc; and Group III cumsists of saprophytic

species resistant to the analogues and produce lipese.

Kadie (1974) found urease activity in five parasitic
leptespira and none in the saprophytic biflexa complex. He
suggested that urecase might be another marker for classifying

leptospira.

By far the most interesting approach to leptespiral
classification has been that ¢f Haapala and coworkers (1969),
who demonstrated four geneticolly distinct groups of leptu-
spira on the basis of G + € content of selected pathopenic
and saprophytic (biflexa) serological types. They further
found that serological relationship bore no relationship

with the relatedness dcetermined by specific duplex formation

of DNA.

The Taxonomic subcommittee on leptospira of the Inter-
national Committee on Nomenclature of Bacteria rccognizes
more than 140 serotypes of leptespira grouped in 18 BErCgrenps
4ypes (Anon., 1967).
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Following the basic concept of taxonomy in current
use, the Cemmittee accepted serctype as the equivalent of
species. In keeping with the thinking of Ainsweorth (1955)
that Y"rational and stable basic classification result ~nly
by treating pathogens and nonpathogens, parasites ond
saprophytes, on an equnl feoting =nd assessing their over-
all similarities and dissimilarities’ the Committce recon-
mended that the genus Leptospira be considered as monaspe-
cific until it was poassible te further classify species

with confidence. The epithet interrogans was recommended

as it was in use earlicr than biflexa or icterchemorrhagiae.

Hewever, the Committee recognized the existence of the two
previously proposed species and suggested their designation

as "complexes"; the parnsitic complex and the biflexn

complex. Thus, scrotype as proposed by Alrton and Broom
(1954) should be represented by a reference strain and the
definition of serctype was also medified to read: "Twe
strains are considered to belong to different serctypes if
after cross anbsorption with adequate amounts ¢f homolopgous
antiserum, 10 per cent or more of the homologous titre
regularly remaing in at least one of two antisera in

repented tests'.
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Serotypes of the L. interrogans ccmplex proposed by

Turner (1976) are listed in Appendix 2. This is an updated
revision of the serotype list by the W.H.O. group of experts

on leptospirosis (Anon., 1967).

Epidemiology

Natural hosts of Leptospira esp, include both domestic
and wild animals. HMan is susceptible but does not scrve as
reservoir for transmission. Leptospira have occasionally
been recovered from non-monmalian species including amphi-
bians (Diesch ¢t al., 1966) and reptiles (Flesko and Hruzik,
1964). These latter findings raise four major epidemiolo-
gical guestions:

(a) What part do lower animals play in the continuity

of leptospira in any environment?
(b) What part do predators play in this continuity?

(¢} Do pathogenic leptospira survive in water and
conserve their virulence or do they "transform

intc saprophytic strains?
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(¢} Do thesc animals act as vectors for leptospirosis?

Some of these questions were answered by Reilly ef.al.
(1970} who demonstrated a food chain transmission of lepto- :
spira in wild marsupials and carnivores by feeding them
leptospira-infected mice in either the leptospiremic or

leptospiruric stage of infection.

Pathogenie leptospira have been isolated from surface
wafers used for reereation (Dicsch and M¢Cullcugh, 19663 |
Crawford and Diesch, 1969). Morcover, isolation of
leptospira from a stream with a flow high enocugh to maintain
a censtant dilution indicntes thot leptespira survive in
water (Gillepmie and Ryan, 1963), Environmental factors
contributing to survival of leptespira in water are soil
pH, temperature (Ckazaki and Ringen, 1957; Ryu and Liu,
1966) and bedrock (Kingscote, 1970). Gther pertinent
observations tc the question include the fact that L. jc~

terohemorrhagiae was kept for 22 days in a anatural environ-

" ment (Digsch and McCullough, 19G9) and that scveral species
of intestinal bacterin had deleterious effect on leptospiral
survival. Glorcover, a host of halogen compounds and

detergents play a role in leptospiral survival in contaminated
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1., 1948). Shutyacu (1959} cbserved that

wvaters (Chang et

o strain of L. grippotyphosa group remained virulent after

336 days in water and was able to elicit serologic rcesponse
with high titer in rabbits after 976 days in water. Thesc
observations suggest that pathogeuicity is not lost in
water and that pathogenic species do not transform into

"saprophytic" strains.

The relative importance of lower animal species as
vectors of leptogpirosis probably depends on ¢lose asgoCine
tion with higher animals, their presence in infected water

areas, and their population density.

Twe fundamental intrinsic features of leptospira appear
in the literature: moisture dependency and extreme conviron-
mental sensitivity. Bince leptospira leave the host via
urine and are transmitted by either direct or indirect
contact with urine, &casonal and climatic variationa will
affect lentospiral survival as well as convirocnmental

conditions.

As moest mammalian species are susceptible to leptospira

infectiona, the knowledge of specific reserveirs or carrierc
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is important since they are the main chain of continuity

for leptospirosise.

Domestic animals are not only highly susceptible to
¢linical and subclinical infections, but they are also
temporary urinary sghedders, hence primary reservoirs.
Severity of the initial infection does not determine

whether or not affected animals will be shedders.

Wildlife ig important for maintaining leptospira.
Their population numbers and number of shedder carriers
in a moist environment are factors contributing to the
enzooticity of leptospirosis, contoct between wildlife and
domestic arimals will also contribute to the risk factor in

human leptospirosis.

Scme peneral features of leptospirosis are valid for

all domestic hosts and infecting serotypes.

{a) Incidence of infeetion is much higher than the inci-
donce of clinical disense {(Alston and Broom, 1958; Turner,
1967). DBoth animals with clinical infection and thosc that

recover from the disease continue to excrete leptospira in

urine, thus providing a continucus source of infection for
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varying lengths of time., Leptospira are shed by cattle for
three and half months (Gillepsic et at., 1957) three months
by horscs, nine months by shecp (Webster and Reynolds, 1955),
11 monthe by swine (8leight and Lundberg, 1961), six montha
to four years in dogs (McIntyre and Seiler, 1953), and up to

11 months in man (Johnscn, 1950).

(v) Pepending on their number and virulence, leptospira

nc
spread from the point of c¢ntry at which they produce o
lesion tc become septicemic (leptospiremia). This phase

varies in hoste from mild c¢linical illness to acute, fatal

icteric illness lasting one to seven days.

(¢) UYhen generalized infection regresses, it becomes
localized in the liver and more particularly, the kidneys.

At this point leptcspira are shed in the urine.

(d) Transmission of infection resulte by cither direot or
indirect contact with infected urine: cutaneous contact
(Doherty, 1967), inhalation (Baker and Little, 1948),
conjunctival (Van der Hoeden, 1955), and venercel (Roberts,
1958; Sleight and Williams, 1961). Bovine leptespirosis

has been cxperimentally transmitted by transplacental
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inoculation (Fennestad and Borg~Fetersen, 19€2; Hanson and
Brodie, 1968). Leptospira have been also succoessfully
isolated from human awnictic fluid (Huei-Lan and Fu-Hsi,
1963). Inscet vectors may not be sipnificant but lepte=-

spira nave been isolated from cattle ticks (Dermacentoer

marginatus) and dog ticks (Rhipicephalus sanguinem) (Van

der Hocden, 1958; Turner, 1967).

Vothogenesis

Fathogenceis of leptospirosis has been attributed to
a number of factors including eytotoxic, hemolysins,

toxins and immunologic.

A cytotoxie factor capable of producing a cytopatho=
genic effect on tisesue cell monolayers has been characterized
in L. pomona (Yam ct al., 1970; Miller et al., 1970). This
factor produced recactions in rabbit skin characterized by
erythena and edema and histopathological changes in muscle
similar to those found in acute lepteospirosis. The cytotoxie
factor could be responsible for the icterus associated with

acute cases. This would suggest o hepatic rather than hemoe-

lytic or pre~hepatic cause of leptospiral icterus.
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Leptospiral icterus, however, is considered tc be due to both
hepatiec and hemolytic factors. Anemia, characteristic of
leptespirosis in lambs has been corrclated directly with cold
hemagglutinin titers (Bhaein et al., 1971; Smith and Arme

strong, 1975).

Pathogenic leptospires have been shown to produce hemo=-
lysin in medium in contrast to saprophytic strains (Chorvath,

1975).

Ren~1 failure, a recognized consequence of L. ganicola
infection in dogs, celdom occure in other animals except
man., Nephritis is a common finding in all species; it has
been described in cattle (Fennestad et al., 1967), horse,
ewine and dogs (Hanson ct al., 1969; Taylor et al., 19703
Hangon, 1972) and man (Zoch et al., 1973). Ultrastructural
changes in renal tubules associnted with leptespira infec-
tione in sheep include "balloons" in the tubular lumina,
Marshall (1974) postulated that these were due mainly to
necrosis. He was unable to find active invasion of
normal cells even though some severely necrotic cells had
leptospira in their cytoplasm. This cbservation was recorded

earlier by Martino et al. (1969). Most significantly, these
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observations support the theory that damige is due to
texine elaborated by leptospira (Miller et al., 1970;
Harrington and Sleight, 1966). In a later study using
mi¢e, Marshall (1975) cbserved the earliest renal change
was interstitial edema, which was prescnt on the second
day post infectiocn (FI1). Leptospira were only seen in

intercellular spaces on the 10th day PI.

Ccular lecsions, charncteristic signs in equine
leptospirosis, result from immunc reactions. These lesions
can be produced by injection intc the ocular sac of a sero=-
type other than the infecting cne (Hanson gt al., 1969).
These signs have also been recognized in man, dogs and
cattle (Fernestad, 1963; Hoag and Bell, 1954; Kademer and

Corti, 1933).

Leptespiral infection is adortifacient in cattle, pigs,
horses and goats (Roberts, 1971), Infection and or death
of the fetus(es) cccur. Aborticn in cattle depends on the
stage of gestation and the infecting serotype; the most
critical stage being the laost trimester. The commen abortive

serotypes in cattle are L. pomona, L. grippotyphosa and
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L. hardjoe In pige, full-term stillbirths are more common
than abortions. Hemolysin is reported to be the aborti-

facient factor for cattle (Murphy and Jensen, 19€2).

Clinical Manifestations

Clinical signs of meningitis, encephalitis, inco=~
ordination and convulsions are not uncommon in both animals
and man (Kadamer and Corti, 1933; Alston and Broom, 1958),
Leptospira have been reccvered from the brain of animals
(Langham et al., 1958; Morse and Langham, 1958) and from
cerebrospinal fluid of patients with meningitis or

encephalitis (luei~Lan et al., 1958).

Man

The course of leptospiroeis in man varies between
subelinical and acute manifestations, the scriousness of
infection beinp proportionate to the intensgity of icterus
and disintegration of kidneys (Van der Hoeden, 1964). Soon
after initial symptoms, aseptic meningitie develops. Jaundice
follows the febrile period with its associated pathophysio=-
logic changes, bilirubinemia and urobilinuria, and albumie

nuria as n» consequence of interstitial nephritis. In fatal
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cases, anuria and uremia precede death. Jaundice does not
oceur in about 60 per cent of cases. After recovery, renal

function usually returns to normal.

Uculnr complicntions, arthritis, iridocyclitis, uveitis
are sequelac which appear during convalescence and arce welle
deseribed in carlicr literature (Kadamer and Corti, 193%3%).
The recurrent form peculiar to equine species seldom occurs

in man.

Lung manifestaticns sugpgestive of tuberculosis; blood-
tinged sputum, broachopneumenia, sore throat are some of the
respiratory sywmptoms observed during the first week of

leptospirosis (Peh and FPoh, 1970).

Other symptoms contributing to the compleoxity of
differential diagnosis of leptospireosis include a pclionye=
litis=like form with weaknese of the calf musclos (Christie,
1968). A rash duc to subcutancous and internal hemorrhages
develops in 10 per cent of patients. Nausea and vemiting
with signs of abdominal tenderness are not uncommon

Steenner, 1971).

The appearance of leptospira in urine is associated with
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the convalescent stage when antibodies develope There is no
evidence that a2 carrier state develops in man even though
Johnson (1950) reported leptospira in urine of a man 11 mcnths

after recovery from australis B. infection.

Among domestic animals, cattle, dogs and swine constitute
the most impertant hoste of leptuspira and the most common
source of human leptospircosis. Other animals include sheep,
goats, horees, donkeys and cats which are believed to be of
lesser importance in the epidemiology of human leptospiresis

(Blnnden ’ 1 975) .

Cattle

The rcle of cattlc in the epidemiology of leptespirosis
is obvious from the fact that criginal cascs described by
Weil in 1881 were butchers and L. pomona was first isclated

from a dairy farmer.

L+ grippotyphosa has been isclated in the Soviet Union
since 1935 (Varfclomcoeva, 1964}, L. pomona has been
associated with most acute infections in Australia (Sutherland
et al., 1949). Heavy losecs are also associated with scro-

type pomona in the U.8.A. (Steele et al., 1957)s Outbreaks
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of bovine leptospirosis due to L. g¢anicols have been"'”
reported in Israel (Van der Hoeden, 1955) and elsewhere
(Karash, 1964). Borg-Fetersen and Fennestad {(1956) report -
chronic infections associated with L. sejroe and L.
gaxboebing. Serotype hardio was ossociated with infeetion

in ecattle in the U. S. A. {Roth and Galton, 1960),

Clinical manifestations of bovine leptospircsis are
characterized by pyrexia, icterus, and nephritis. Skin ;:_
lesions asgociated with chronic leptospircsis have also
" been described {(Gayot, 1955). In pregnant cows, abortion
is an important clinical feature, especially in the last
trimester of gestation (Fennestad and Borg-Fetersen, 1958;
Roberts, 1971). In dairy cattle, the diseases manifested
by blood-tinged milk, agalactica and atypical mastitis
(Baker and Little, 1948). Young animals arc more susgeptible
- than older anrimals. Redwatcr of celves caused by L. pomonn
" is an ecute form of leptospirosis with high mortality and is

_ characterized by joundice and hemoglobinuria.

Doé

L. canicola and L. icterchemorrhagise are the serotypes
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rocognized to infect dogs rlthough L. pomona has also becn
isolated frem urine of a dog (Murphy et al., 1958),

——— e

Serotype canicola is more common and is transmitted directly

from dogeto~dug while scrotype icterchemorrhagice is trans
mitted indirectly by contact with rat urine and water |
centeminnted with rat urine. Separation of the two types

of infeetion on the baeis of clinical signe alone is

almost impossible as they are variable. In all cases of
canine lcptospiresis, however, whether hemorrhagic icteric
ovr uremic, the kidneys have a variety of lesions of which
interstitinl nephritis is the most important since the acute
stage often becemes chronic with termiunal uremia (Bloom,
1954; Taylor et al., 1970). Acute discasc terminating with
death in twc to¢ three days, prevails in the one to three |
year age group. Shedding of leptospira up te three years
after recovery from either n wild or acute ¢linical discase

has been regorded {MelIntyre and Seilcr, 1953),

Swine

Serotypes pomona, canicola, grippetyphosn, icteroche-

morrhaging have been imolated frem swine (Hanson, 1972}. -

Other gerctypees include autumnalig, hyes (Thonson, 1942)?“;
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australis, bataviae and ballum (Alecxander et al., 1964).

Apparently healthy pigs ¢xcrete large number cof leptospira
up to six months. MNcst serotypes preoduce similar disease

patterns in pigs.

Signs vost frequently associeted with swine leptospi-
rosis include abortion, stillbirths, weak piglets, fever,

anemiz and hematuria (Fennestod and Borg-Fetersen, 1966).

Geats

Most caprine infections remain undetected (Yorse and
Langlam, 1958; Khanna, 1971). Acute fulminnting lcptospircsis
has been known to wipe out entire herds (Van der Hoeden, 1964).
Clinical manifestations include profound joaundice, hemepglo-
binuria and death within a few days. Abcrticne occur with

pregnant goats (Van der Hoeden, 1953).

L. gripvotyphosa and L. pomona have been the serotypes

commenly isclated from goats. These isclates scupport the
hypothesis that caprine leptospirosis results from their
association with cattle (Morter and Morse, 1956) and swinc

(Burdin et al., 1958). Other serctypes associnted with

caprine infecticns are L. icterchemorrhagise, L. bataviae,
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L. hebdomadig, and L. butembc (Van Riel and Van Riel, 1956).

Sheep

Incidence of leptospirosis in sheep is lower than in
goats. Scrotypes pomena, grippotyphosa and ballum have been
isolated. (Hartley, 1952; Vun der Hocden, 1964), The diccase

tends to follow n course similar to that in goatse.

Equine

Bquine leptospirosis is associated with periodic ophthal-
mia and ie guite complex. The typical ccular lesions are
belicved to be an allergic response to localized foreign
antigen (Hanson et al., 1969). Acute equine leptospirosis
may be manifested by fever, depression,ancrexia, and icterus.
L. pomcnn has been reported ns a cause of abertion in mares
(Roberts et 2l., 1952; Jackson ct al., 1957). The following
serotypes have becn isclated from horses: L. canicola,

L. ictcrohemorrhapgine, L. grippotyphosa, L. pomona, L. soxs

bocbing, L. scjroe (Hanson et 2l., 1969).

Cat
Leptospirosis is expected to vecur in cats because of

their intimate asscciaticn with mice and other rodent potential
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carricrs of leptospira. Leptospiral antibodies have been
demonstrated in feline species (Reilly et al., 1968, 1970).
In Denmark serologiczl surveys have revealed serotypes

icterchemorrhagine, bataviae, saxboebing and poi (Van der

Hoeden, 1964), Experimentally infeetion was nct cstablished
in cats (Fcesler, 1964). Berotypes L. conicola and L. pomona

have been isolated from cats in FPeru and in the U.S.5.R.

Camel
In a survey carried cut in Egypt, Brownlow ¢t al.,
(1963) found one reacter to L. bataviae among 18 camels, and

in the Sudan, sera from 55 camels werc negative (Shigidi,

1974),

Rudents
Rodents are the established reserveirs of leptospirosis
for man and domestic animals. Noguchi (1917) examined 21

house mice (Mus musculus), inoculated their pocled kidney

suspensions into threc pguines pigs; clinical signs identical
to those produced by L. icterchemorrhagiae were observed.

Alexander ¢t al. (1960) isolated and identified L. icterc-

——

hemorrhagine, L. bzllum, L. djatzi from 13 mice in Puerto
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Ricce The common field mouse (Apodermus sylvaticus) has

been found tc carry L. ballum and L. grippotyphosa (Fraya

de Azeved® . and Falmeiro, 1961; Fuzi et al., 1957).

— e

Cf 44 house shrews ccllected in Malaya and culturcd,
2 werc pusitive and L. saxboebing and L. autumnalis were

identified (Gordun-8mith ot 2le, 1961n).

-

The comm:n West African brown field rat (Arvicanthus
nilcticus) has been found to be a reservoir for Leptospira

8pse L. dctoerchemorrhagiac was isclated from kidney

cultures from 17 rats (A. nilcticus) trapped in the Nile
delta (McGuire nand Myers, 1957). Brownlow and Dedeaux
(196%) tested sera from 131 rats from this src. against
14 antigens and found 13 positive with significant titors

te serctypes bataviae, australis, zacni, grippotyphosa,

and czaniccla.

The Nerway rat (Rattus ncrvegicus) and Alcexandrian rat

(Rattus acgyptius) are known rescrvoirs for L. igterohemorr-

hagine, L. javanica, L. cclledoni, and L. ganicola (Inada
t 2l., 1916; Turner ¢t al., 1959). The black rat (Rattus

——

rattus) is a known carrier for L. canicela und L. icteros
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hemorrhagine (Brewn and Gorman, 19603 Reth ¢t al., 19613

Blanc and Mailloux, 1961). In Capctown, Rademan ¢t al.

— i

(1964) isclated scven strains cf L. icterchemorrhagiae

frcm 256 rate trapped. In the sahelian zone, the pre-
deminant rodent species is the white-tailed rat (Cricctomys
gambiarus)e In o survey of 130 white-tailed rats, L.

icterohemorrhagiae was isolated frem cone kidney (Baylet et

al., 1971). They found that 17 (13,1 per cent) had signi~

ficant antibody titers against L. icterchemorrhagine,

L. canicola, snd L. butcmbe.

Othcr Animals

Uther animals susceptible to leptospiral infection ond
possible carricrs include foxes, jackals (Van der Hoeden,
1958), monkeys (Minettc and Shaffer, 1968), opossuns,
skunks and racoons (Reilly, 1968, 1970), and hedgehogs

(Van der Hoeden and Shenberg, 1962; Berg-Petersen, 1962).

Diagnogis

Contrary te goneral opinion, laberatory diagnosis of

leptospirosis ean be carried out in 2 gencral bacteriology
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laboratory as it is not difficult. Serological methods,
as well as cultural methods, are easily performed. The_
"problem" was well summarized by Meyer et al. {1939} who

stated five main reasohs why diegnesis of leptospiroeis

was often missed in American laboratories.

1) Textbooks always dealt with classic descriptions
of symptoms cmphasizing chills and splenomegaly

which are rarely found.

2) Most laboratories were not cquipped tu make the

dingnoeis.

3) Most physicians ccnsidered leptospirusis too rare

to ingclude it in their differcntial diagnoeis.

L) Tow physicians were aware that only 60 ~ 66 per

cont cof c¢ases exhibited Jaundice.

"5) In the fow cﬁses wﬁefe attempts were.made to -
prove the diagnosis, they failed because of lack of
familiarity with the precautions needed te establish
the diagnosis in each of the four stages of lepto-

spirosis.
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It is 2 misconception that laboratory diagnosis of
leptospirosis_requires spuecinl materials and expcrtise.?.l
Leptospira ﬁﬁﬁ be isclated in serum-free culture modium
and hence there is no need for rabbits. A darkfield
condenser is the moest sophisticated equipment reguired

~and leptcspira nrc visible at low magrificaticn.

Micromcopic, cultural and serologic procedures arc

employed for the laboratory diagnesis of leptospirosis,

1. Microscopie

(1) Doykijcld Miercecopy requires a special condenscre.

This methnd is successful in cases containing numerous
organismas and is used for examining bedy fluids, bdlood
and urine. Failure to detect lepteospira by this
technique does not indicate a negative result and it

should be followed by culture snnd/or serologye . .

(2} Fluorescent antibody (FA). The FA technigque was

developed recently for leptospirosis (White and Ristic,
1959) and medifed by Torten gt al. (1966). Cock et al.

{1971) uscd the FA technique on scrapings from formo-

lized kidnoy tissues tr demcnstrate leptospira. Other
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workers (Tripafthy, 1973) used thc indirect technique
to demonstrate leptospira. FA findings should be

cenfirmed by cultural and serologic examination.

(3) Histopathologic Staining. A number of techniques

erc described (Levaditi and lNangnelian, 1906; Bridges

and Luna, 1957; Simpson and White, 1961). Most uscd

either metallic salts or ncegative staining for

demonstrating lcptospires. Levaditi's original

method was miodified by Fontona (Drury and Wallington,

1967) by impregnating the whole tissuc in stain before
imbedding and sectioning. Fontana's modification is

far superior tc other stains for demonstrating leptospira.

Culture

Various media for isclating lepteospira have been
described ond inculde liquid and semi-solid types
(Noguchi, 1917; Fletcher, 1928; herthef, 19323
Stuart, 1946; Roth et al., 1961b; Ellinghnusen and
MeCullough, 19652). All are complex media incorporating
amin. acide and supplemented with rabbit or horse scorum,

Ellinghausen - McCullough's formula is completely
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synthetic medium with fraction V bovine albumin and
sodium polysorbate instead of serum. Ellinghausen

and ¥eCullough (1965b) determined that lack of vitamin
B12 ig o limiting facter for growth and survival of
leptospira,

Contamination with mycoplasma is the most sericus
problem encountered in leptospiral cultures. Yeasts,
fungi as well as cther Gram-positive bacilli, may
cceasionally contaminate and overgrow cultures.
Fluorouracil and necmycin sulfate can be incorporated
in media at concentrations cf 100 - 300 mecg/ml
(Ellinghausen, 1973) and 5 - 25mg/1 (Myer, 1973),
respcectively. These substances retard bacterial
growth witheut affecting leptospiral growth.
Cycloheximide alsc helps in eliminating yeasts and
fungi when present at a concentration of 0.5mg/1
(Ciusineau and McKiel, 1961). Animal inoculaticn is
the classic and most widely used method for culture

purification.

Selection of suitable speccimens for culture is
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mest important since leptospiremin and leptospiruria
occur at diffcrent stages, Mipleading symptoms such
as lung wanifestations (Pch and Foh, 1970), jrundice
and others (Christic, 1968) complicate and frustrate

clinicains attempting to diagnose leptospircsis.

Cerebrcspiral fluid and blood cultures have the
same rate of sueccess and are positive conly during the
first weck of illness prior to leptospiral loealizaticn
in the kidneys. Anti-coagulante such as heparin,

EDT4 (Ethylene diamine tetraacctate) or SPS
(Sodium polyethylene sulfeonate) may be used, but

citrate derivatives should be aveided (Turner, 1968).

Urine cultures are successful only after the
leptospirenic phase, usually 10 to 14 days nfter
clinienl symptoms develop. Repeated urine culturcs
are more likely to yield positive results than single
cultures. Moreover, carriership varies according to
animal cpecies from threc months to a lifetimes As
with blood cultures, dilution of 1/10 minimizes some of

the inhibitory preperties of urine.
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Tissues for culture obtained 2% necropsy include

liver, spleen, brain and more specifically, kidneys.

Identifying Leptospira lsclates
Identifying pesitive cultures can be done a number
of ways (Galton ¢t al., 1962; Turner, 1967; Alston and
Broom, 1958)« The unknown isclatc is grown in liquid
culture and tested against a battery of hyperimmune
sera prepared apainst standard leptospiral strains
and absorbed. Accordingly, an unknown serctype will
be censidered as o subserotype within a serotype if
after repeated tests, less than 10 per cent of homo-
logcus titer remains in one antiserum znd 10 per cent
or more in the other antisera after cross-absorption
with adequate amounts of heterologous antigen (Galton

t al., 1962).

Absorption agglutination tests for serological
identification of leptospira are fastidious and
requires adherence to strict technical precautions.
Four factors arc known to influence the final results
of agglutinotion abeorption teets (Kmety and Galton,

1970) s
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(a) Time which shculd be at least 90 minutes

(b) Ratio of antigen te antibody (the titer
is inversely propecrtional to the amcunt of
antigen added i.c¢. the more antigen present,
the lower the titer).

(¢) Danysz phencmencn occurs and can be avoided
by adding sntigen tc¢ serum in three equal
parts at 10 minute intervals.,

(d) Formalin-treated cells yield lower titers

than live antigen.

The use of carbon agrlutinaticn teste for rapidly
identifying leptospira strains wae investignted by
Faoc and Guc, (1974). They used 522 local strains and
carbon particles coated with antibedies directed
against 14 Chincse noticnal standard strains and found
complete apreement with the standard agglutinaticn test.
The method was faster since it did not rely on cell lysise.
Moreover, only when poeitive reacticns 1+ or more were
observed did they resort to the standard agglutination

test.
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?thPyrolysis-gas liquid chromatography (PGLC) haa
alse been found effective in differentialing common
straine of leptospira (Reiner gt al., 1973). By
using 16 ccded samples of leptospira the results
correlated positively with serclogical classification
by the agglutinaticn absorption test. A further
examination of 12 authenticated strains by the authors
revealed that each had its own individual profile peak

("finger-print®).

The reaultsJ;f ideﬁtificatio;.usiné fﬁﬁbuére"ﬁot
complete but are proumising. A practical disadvantoge
.is that the procedure would not be available to all
laboratories. Schricker gt al. {1963a,b) demonstrated

 that leptospira serotypes contain twe types of surface

o precipitincgens: fraction & and 8. PFracticen A is

heat-stable, aleoholesoluble, and contains 20 per cent

carbohiydrate and little protein and amine acids. This

"f, fraction produces lines common to different serotypes

R indibnting perhaps & genus specific antigen. The
second antigen (8 fractiocn) contains serotype specific

precipitinogen and is heat-labile. Sinagawa and
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Yanagawa (1972) isclated and characterized this spe-
cific antigen for L. kremastos and called it type
gpecific main antigen (TH antigen). Results of their
analyscs indicated that it consiste of 68 per cent
carbohydrate, 23 per cent lipid, 5 per cent protein
and 2.8 per cent phesphorus. In addition, 13 amino
acids were identified. It proved tc¢ be similar to
Gram-negative endotoxin except that during the phenol
extraction precedurc it remained in the phenol phace
whercas endotoxin ie in the water phase. HNeutral
sugars contained in this antigen were identified as
galactose, xyloge, arabinose, rhamnoge and gluco-
samine. A compariscn of the general pattern of infra-
red abeorption of the TM antigen also demonstrated

similarity with Gram-ncgative endotoxin,

Kagai and Yanagawa (1974%) found that thc gluco-
samine content in TV hydrolysate correlated with the
degree of inhibition of the complement fixation test
using L. canicola. They also found that glucosamine
alone did not inhibit the test. This suggested that

proteins may be important as antigeni¢ determinants
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in the TM antigen of leptospira (Adachi and Yanagawa,

1975).

Analyeis of antigenic dcterminants will in
future prove more useful for identifying and clagsi-
fying leptospira. The general trend of investigations
have indicated that serotype specific antigen of
leptospira is essentially a lipoplysaccharide
(Auran et a2l., 1972; Chang et al., 197h; Faine et al.,
1974a; Schricker et al., 1963a,b; Shinagawe and
Yanagawn, 1972). It is known that the sheath is the

agglutinating element (Yanagawa and Faine, 1966).

The findings of identification studies using
immuncdiffusicn have clearly indicated type specific
reactions and weak cross reactions, which cccur more
frequently in immunodiffusion than agglutination tests.
Genus specific rcactions have alsc been cbserved

(Yanagawa et all., 1974).

The data avnilable to date confirme what is known
by using classical scrolegical methode such ae the

complement fixation test, erythroeyte lysie test, or
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agglutination tests.

Serology

Serclogical diagnosis relics on different
procedures which are either genus specific or
serctype speecific and uses four kinde of genus
specific tests: Bsensitized crythrecyte lysis test
(SEL) ycomplement fixation tust (CFT),indirect immu-
nofluorescent test, and agglutination tests (MBA and
MA). The first three tests are positive earlier in
the course of leptospircsis and also revert to being

negative earlicr.

The SEL test uses erythrocyte sensitizing
extracts of leptospira which are genus specific
(Cheng and McComb, 1954; Cox et al., 1958). Anti-
bodies detected by this substance are actually
different from agglutinins and complement fixing
antibodies. Even though it is a good screening test,
it has the digadvantage that all sera must be absorbed

free of hetercphile antibodies.

The CF test is alsc broad and not routinely used.
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A

Serotypes of the Sgmaranga group arc used (Sturdza
et al., 1960}, Secroreactors of this:grouﬁlgiiim'h
usually react at high titers with pathcgenic sero-
typos,. Complement fixing antibodies usually ind;;ate_

clinical disease or rccent infection.

" The indirect hemagglutination tochnique (Sulﬁer“{
et al., 1975) uses scluble aluohol eoxtracts of
Adamana strain absorbed to group O erythrocytes. It
is more sensitive and more specific than the standard
slide agglutination test (8AT). It correlates well
with the 5AT during clinioal illness and cqnvalgsqence

up to 12 monthg. = ¢ ﬁg,:””“'

- The microscopic sgglutination technique and :1.
modifications are the standard tests in common use
(Sulzer and Joncs, 1973; Sulzer et al., 1973; Galton
et ml., 1962; Galten and Health, 1965). The test is
performed by diluting serum and adding fixed amounts
¢f actively growing culture and reading S0 per cent

agelutination as the endpoint of titration.

Applutination tests can be described as heing



55

wore serotype specific as the reaction is specific
at higher serum dilutions when heterclogous non=
specific agglutinins have been diluted out.

Agglutination teste may be either macrcoscopic or

micrcscopicy the difference being one cof sensitivity.
The microscopic ageglutination (MA) ig more sensitive
and will detect more cross renctions, wherecas the

macroscopic slide agglutination (MSA) test is usecful

only with active cases of leptospirogsis.

Immuncfluorescence tests have been described
(Bhandu and White, 1972). They are generally called
genus epecific but the problem is that each serctype
would have te have ite own antiserum. Indirect
immuncflucrescence tests arc used most often for

diagnosis leptouspira in tissues.

Interpretation of serclogicel data for dingnosing
leptospirosis is straight forward in cases of repeated
negative (or absence of) titer and in positive sera
with a risc¢ in titer. In the former, the diagnosis

of lectouspirosis is ruled out whereas in the latter,
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the presence of the diseasge is confirmed.

Fositive reactors can result from cne of
three ways:
(a) Pageive immunity (administration of
immunc serum tc an individual);
(b) Past infection (resulting in active
immunity); and

(¢) Fresence of clinical disecase.

Genue specific tests are knouwn to fail to
detect leptospiroeis in recently infected cattle

and rabbits (Ris, 1975).

Alstcn and Broom (1958) recemmended a titer of
1/300 as diagnostic for man. These authors observed
that no significant titer was detectable before the
6th day of illness. Out of 169 patients, titers of
1/3%300 were observed in seven per cent anfter one
week and 1/3%0,000 in only four per cent after the
same period. After recovery, titers generally
fluctunte between 1/100 and 1/300 for many yenrs.

Marius (1964) argucd that meaningful results are
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obtained only when there was a four-fecld rise in

antibody titer in paired serec.

After demonstrating infection by the CFT in
ficld investigations, Stramkova et al. (1972)
followed the dynamics of antibody formation in 82
patients with leptospirosis. They found a rise in
titer during the first three weeks and a maximum
antibody titer betwcer the 2nd and bth wmonth. Titers
greater than 1/100 remained for twe to three years

after recovery.

Other workere including Turner (1968) have
vbserved that titers of 1/30 in which 75 - 100 per
cent lysis occurred in suspensions using serotypes
endemic to particular regions. They suggested that
any titer be regarded as positive and that the onus
is on those who regard such reactions as "non-
specific" to demonstrate alternative causes.

There is general agreement, however, that repeated
examinntion of perum for leptospiral titer is most

definitec.
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Reaction of sera with twe or more serotypes is
frequently cbserved in MA testse. This could indicate
multiple infection or crossreacting antigens in
different serotypes (Wiesmann and Suter, 1952). Fuhner
(1950) noted in the early stages of leptospirosis that
the titer of non-specific antibodics may be higher than
specific ones and referred to this phenomeneon as the

"paradoxical reacticn" in Weil's discese. This

observaticn emphasizes that the particular stage

of the discase must be considered when interpreting
serological results and the neced for paired scrum
sanmplea (or rcpceated serological examination) for a

correct dispnosis of leptospircsis.

Imnunity

It has long been known that laboratory animals
recovered from leptospirosis were immunce tc challenge with
hemologoue strains and simultaneously to certain heteroe
logous strains (Inada, 1925; Flctcher, 192€; Ido ¢t al.,

—

1916; Larson, 1945).

Active immunity apainet leptospirosis involves
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formation of antibodies against both structural components
of the cell and serolegical factors elaborated by Leptosvira
SPee ‘

On the basis of known antigenic structure, twe studies
are worth noting. Auran gt al. (1972) induced spherical
forms of L. canicola, treated these salt-sltered cells with
0.02 per cent sodium lauryl sulfate to sclubilize the sheath,
and then injected hamsters with the different fractionse
All fractiona, as well as formalized cells, protected the
hepsters against subsequent infection with the homoleogous
serotype. Takashima and Yanapawa, (1975) used the outer
envelope, cell wall, type specific TH antigen (Shinagawa
et al., 1972), protein constitucnts of the outer cnvelope,
lyophilized live cells as well as lyophilized heat=killed
cells to iwmunize guinea pigs. These workers found that
the outer cnvelope was protective and that one cut of
four animals receiving TM antigen was protected. The
protein conetituent «f the sheath failed to immunize.

The protective dose of heat-killed lyophilized cells
injected was much higher than that of lyophilizcd live

cellse.
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The infercnce that can be drawn from these two
experiments is that the outer envelore of the cell plays
an important role in immunity against leptospircsis. Since
two out of four animals (50%) receiving T antigen survived,
a higher dose with adjuvant would prebably provide botter
protectien, The fact that heat-killed lycphilized cells
gave less protection than live lycphilized celle is

gignificent.

Leptospiral lipolysnccharide Igli antibodies produce
peak titers in thrce weeks in guinea pigs, rabbits, and mice.
These antibodies were not only leptospirocidal in vitro,
but they conferred resistance to development of a carrier

state in mice (Faine et al., 1974b).

Vaceine prophylaxis trials in man and experimental
animals have shown that they can be rendered immune from

infection with virulent strains of L. icterchemorrhngiae

(8mith, 1937). Vaccination did not prevent development

of carriers cr shedders (Feigin et al., 1973); Shenberg

and Torten, 1973). These obgervations suggest the possi-
bility that local immunity may operate in the carrier state.

Pasaive immunity ie not cperative viaz maternal antibodies,
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Fernestad and Borg-Fetersen (1962) followed entibody forma-
tion in bovine fetuses apd found that 132 and 168 days-old
fetuses had antibodies ond plasma cells, were leptospiremic,

and had evidence of nephritis,

Lemenes (1964%) found that cross immunity existed

among L. icterohemorrhagiae, L. canicola, L. pomcna and to a

lesser extent, L. grippotyphosa. None of these serctypes
exhibited cross immunity with L. hyos and L. sejroc.

8cl1id type cross immunity cculd only be established by
infection with virulent strains. These cobservations
prompted speculaticn that leptospiral immunity is dirccted
againast the biological activities of leptospira rather than
speicific antigens. The crose immunity findings are con=-
sistent with classifications using genetic techniques

(i.¢. strains with the same G+C content demonstrated cross
immunity)e This postulate is nct new in the sense that
Alexander ¢t al. (1956) found crose protection with a
hematoxin active against mammalian erythrocytes in serotypes

pomona, caniccla, australis and grippotyphosa. Note the

presc¢nce of hematoxin does not riccessarily imply virulence

even though it contributes to pathogenicity.
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Natural immunity ageinst lcptospirosis occurs. It may

be due to diference in host species. This could explain the

predilection of L. icterchemcrrhagiac for the rat and L.
canicula for dogs. Alsc leptespiral antibodies against
L. biflexa occur naturally in mammals (Johnson and Gary,
1963). In lower vertebrates such antibedies have been

found to be bactericidal to serotypes canicoln, arbcresc,

ballum, pomona nand grippotyphosa (Charon et al., 1975).

Cell~mediated immunity may be important in the develop-
ment or prevention ¢f the renal carrier state and other
pereistent forms of infection (Blenden et al., 1961; Alex~

ander et al., 1971).

Treatment

Experimental work has shown broad spectrum antibiotice
to be effective for trenting leptospirosis (Kemp, 1964,

Kocen, 1962; Burner and Meyer, 1950; Larscn, 1945).

In canine specics, 2 combination of penicillin and
streptomycin is accepted as best. GSupportive therapy of

high quality protein diet and supplementation with Becomplex
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vitaming is essential.

7 In food animals treatment with tetracyeline and stirep-
tomycin ig e¢ffective. Inclusion of these drugs in the feecd
has helped eliminate carrivrs in infected herds (Blood and

Henderson, 1968), © =~ ° R

Rocovered carrier doges are primarily respensible fop
maintaining serotype canicela in the population, Similarly,
cattle play a major role in maintaining serotypes hardjo and
pomond. Serotype pomona, however, is found in wildlife as
well as pigs hence its mechanism of contineity is more

complexa

In man, tréatﬁent.ﬁith penieillin, streptomycin,
tetracycline, chloramphenicol, erythromycin and oleandomy=
cin are 2ll cffoctive even though data cn their cfficacy
15 conflicting (Wintrobe et al., 1974). There is genersl
agreement that antibictics must be administered within four
and prefarébly twe days of onset of illness #o be effective;
later periads corresyond to more advanced stages of the
disease qith renal tubular degerneration and other assocciated

changes.'_wi”j
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Prophylaxis

Vaceination cf livestock and all potentially exposed
individuals has become accepted as 2 better long term
prophylactic measure agninst leptospiral infections,
Elimination of rcdents and other potential carrier specics
ig impracticable in view of the complexities of the ccolo=
gical relationsnips and cost involveds Accordingly, vacci-
nation against prevalent virulent serotypes is alrendy
pructised in most countries. Most vaccines contain killed

organisms and have an immunizing potency acceptable for one

ycar.

Trivalent bacterins of L. pemona, L. hardjo, nnd
L. grippctyphesa gre available and have provided good rela-
tive protection against renal leptospirosis, in the United

States (Hanson, 1972, 1973; Hanson et al., 1972).

York and Bruckner (1953) developed an erg-propagated
vaccine aottenuated by freezing and thawing. This bacterin
induced protection in calves and in guinea pigs without
stimulating aporeciable levels of antibodies. A voccine

inactivated by thimerozal and by freeczing and thawing forti-
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fied with adjuvant also failed to induce sufficicnt titers

in ecalves (Brewn et al., 1955).

Bimilerly, 2 heat-extracted bacterin which prevented
leptespiremin, leptospiruria and kidney lesions in challenged
animals, induced only limited antibody response {(Hoag and
Bell, 1955). Many other reports indicate that relative pro-
tection and antibody response do not necessarily correlate
(Babudieri, 1959; Gillepeic and Kenzy, 1958; Killinger et al.,
1970)e lorecover, it has bee found that relatively low titers
of agglutinins, 1/10 to 1/100, indicated a good level of proe
tection againat both experimental and natural infecticns

(Plesko ¢t al., 1967).

Wo now know that difficulties other than those associated
with immuncgenicity exist. The preferred route of administra-
tion of vacecines has been found to be intramuscular (8lianko,
1974). Differenccs in temperature of inactivation and of
the growth medium do not markedly affect immuncgenicity
(Painter nnd Ellinghausen, 1976). The development of leptoe

spiruria appears to be the hardest to control.

The lack of easgily mensurable clinical signs in cattle
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and the fact that certain serotypes such as hardjo do not
consistontly kill hamsters has been emphasized by Hansen
(1973). The hamster protcction test is regarded as the most
reliable procedurc for measuring immune response of cattle.
Kemenes (1964) emphasized previously that scerotype ictero-

hemorrhagiae was highly virulent to guinca pige and it

presented a problem when evaluating vaccines. The in wyitro
growth inhibition test (Tripaythy et al., 1971) and indirect
hemagglutination test (Sulzer et al., 1975) provide alter~
native techriques to measure the immune response of vacecinated

animalse.

A vaccine for use in man has been developed (8henberg
and Torten, 1973). It is grown in a chemically-defined
medium and has preved to be highly immunogenics It could
induce full protection in animals challenged with 10,000
LD50 of virulent Leptospira. A trial of this vaccine in
Israel founc a low level of antibody response, which parale

leles the response obtained in animals.



FART II

SEROLOGIC SURVEY OF NORTHLRN NIGERIA
FOR LEPTOSFIRCSIS: 1. LIVESTOCK
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INTRCDUCTION

Leptespirceis is a worldwide discase ¢f man and apimals
and iz a major bacteriel zccnceis. The principal animals
invclved are rcedents, dogs, cattle and swine and they all act
as reservoirs of infection (Alsten ond Broom, 1958; Turner,
1967; Schwabe, 1969). Sheep, goats, camels, horses, cats
and wild animals are 2lsc infected. In animals, the incidence
of subclinical infection is higher than clinical disense
(Alsten and Broom, 19583 Turner, 1967). After recovery anie
mals bucome shedders of leptespira for variable periods:
cattle threc nnd half months (Gillespic et nl., 1957), horses
three menths ond sheep nine months (Webster and Reynolds,
1955), pigs eleven monthe (Sleight and Lundberg, 1961) and

degs up te four yunrs (MeIntyre gt nl., 1953).

Livestock play an important role in the epidemiology of
human leptospiresis. Infection is transmitted by direct or
indirect contact with infected urine. Cutaneous, inhalation,
conjunctival, crnl, venerenl and trangplscental transmission

have been reported (Baker and Little, 1948; Von der Hoeden,
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1955; Rcberts, 1958; Sleight and Williams, 1961; Fennestad
and Borg~ketersen, 1962; Sadler, 1963; Dcherty, 1967;
Hanscn nnd Brodie, 1968). Milk-borne infection in man has

been suspected (Schwabe, 1969).

Knowledge of the gecgrnphical distribution of lepto-
spirosis is incomplete (Turner, 1967; Szatalowicz et al.,
1969; Sulzer, 1975). Reports of leptospiral surveys in
livestock in Africa are limited: Moroceo (Blanc gt al.,
1961}, Egypt (Brownlow and Dedeaux, 1963), Ethicpia (Moch
et al., 1975), Sudan (Shigidi, 1974), Tunisia (Durand and
Lequerie, 1962), Zaire (Van Riel and Van Riel, 1954),. and
Sencgal (Van Riel et al., 1971). Serctypes detcccd were

Leptospira eaniccla, I. icterchemerrhagine, Lo ballum, L.

torasscvi, L. hycs, L. bataviae, L. hebdomadis, L. pomona,

L. grippotyphosa, L. nustralis ond L. pyrogenes.

In Nigeria, one livestock survey for leptespireosis wae
carried cut in 1975 by a student team from the Royal Veturi-
nary Cclleuge, London. The tcam tested 955 cattle from
Kadune, Rone, Gengola and Sckete stotes 2nd found o 48 per

cent prevalence rate. COFf the cattle tested from semi-nomadic
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and permopnent herds rnd obattoirs, 63.9 per cent, 36.8 per
cent, and 16.4 per cent, respectively, were positive for

leptospirosis (Purner et 2l., 1975).

Leptospircsis in cottle is choracterized by pyrexia,
hemeglabivuria, icterus, mastitis, nephritis and aborticn
(Blood and Henderscn, 196f), The important scrctypes ore

L. pomena, L. hardjc ond L. sejroe (Sutherland ct al., 1949;

Stcele et al., 1957; Alexander and kvans, 1962; Sulzcr,

1967). L. icturohemorrhngise and L. grippctyphosa have been

isclated frem cattle (Field ~né Scllers, 1950; Varfcolooumoeva,
1964; Ellis et 2., 1976). An cutbreak cf leptospirosis in
cattlc in Israel duc te L. caniecla was traced tc degs (Van

der Hoeden, 1955).

Ls pemenay Le grippctyphosa and Le hardjo have becn

repcrted in sheep and geots (Ven der Hoeden, 19645 Ris, 1975)

and also L. ballum in goats (Van Riecl and Von Riel, 1956).

The study reported here was undertaken to determine the
presence -nd incidence cof leptospircosis in livestock in

eight northern states cf Nigeria,
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MATERIALS +ND METHCDS

Survey Aren

The aren surveyed was limited tco the northern part of
Nigeriz above the Benue and Niger rivers (Appendix 1) con-
sisting ¢f the states c¢f Bauchi, Borno, Gongela, Kaduna,
Kanc, Niger, Flateau, and Sckcto. Collection centers werc
selected frrm mars of cattle trade routes available at
the Ministry of Agriculture ::nd Natural Hesources, Kadunoe
Major points on the trade rcutes were seclected to insure a
greater number of cattle frim mony arcas grazing in the

vigcinity at the time of sampling.

Survey Organisation

Letters were sent tc the Ministrics of Agriculture
and Natural Rescurces in cach state informins them of the
proposed survey and requesting their cocperation. Later, 2
secend lotter wee sent piving specific details cf the number
cf herds and sera toe be collected and the date and time of
testing. Becouse of mail delays, ample time was allowed
between notifiecntion nnd testing. As a safeguord to insure

local gceperation, copies of all pertinent correspondence vas
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carried tc eneh ecclliecection center.

A Tiyete van with a freezer, generatcr, beneh
centri!uge.1 sterile disposable syringes and ncedles,
and sterile MacCartncy and bijoux bottles, was uscd for

the survey.

Animal Specics

Blocd was collected frem cattle, shecp, gonts, donkeys,
horses, came¢ls, ond pigs. The predominant cottle brecds in
the states surveyed were! Niger nnd Sokoto =e Sikote Gudale
and Bunaji (White Fulani); Bauchi, Berno, Gengols and Plaw
teau ee Bunaji, Adamawa Gudale and Rahaji; Koaduna - Bunaji;
and Kano =~ Rohaji and Bunaji, and Kadawa farm «- Berksghire,
Scuth Devin and Chicnina (Bida, 1974). The predominant
sheep and goat brecds were Ucdn and Ynnkasn, and Kanc brown

and Bckcte red, resvectively.

Serum Samples
Cattle: As it wns not practical to collect blood samples

frcm the cattle dupring the rainy gezson (Junc tc Cctober),

- - e - —

1 Gallenkamp Ltd,, Chadwell Heath, Essex, England.
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samples werc token during the dry and pre-roin scasons
(Janunry to May, 1975 and Docember, 1975 to June, 1976).
The colleetion procedure wae to proceed from north to
scuth t¢ inereese the numbers o¢f semi-nomadic and settled
Fulbe herds sompled. Blood was taken only frem seni-
numadie tc nomadie hoerds or settled herds with traditional
management practicec except for Kodawa farm in Kano and

Talata mafara in Bokeoto.

A minimun « £ five herde were sampled whenever possiblo,
The number of blood sampleoé per hord depended upon herd size
and owner cooperation; the minimum number cullected being:

10 = 43 10 to 20 == 53 21 to 30 == 65 31 toc 40 «= 8;

4O - 10. Where therc was nc cooperation, blood was
obtained postmortem ~t the loecl sloughter cstablishment or

by antemortem bleecding of slaughter cattle.

Sheep ~nd Gouats: Blood woe ecllected frem sheep and goats

in cattle herds =nd frecm villeges, ard frem slaughter csta=

blishmonts.

Horse and Donkey: DIleood samples were token frem 2l)

available horses and donkeys in the collection centors.
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Camel: Blcod samples frcm cemeles were collected at Kano ond

Sckotc following slaughter.

Handling and Storage ¢f Sera: Blood (5 - 10 ml) was

collected with a disposable syringuz and a 21 gauge neadle
via the jugular vein, transferred to n sterile, labelled
YaeCartney bottle, ond allowed to clot. After cletting,
serum w s scparated by centrifugation at 1,500 rpm for

1C minutes. Ench serum was decanted into a sterile,
labelled bijoux bottle, 0.3 m1 glycercl added as a bacterio-
stat, transjported to the micrcobiclogy laboratiry 2t Ahmadu

Bellc University, and stored at —EDCG until tested,

Leptospir:s Ltreins
)

The fcllowing nine leptoppiral scrotypes” were used in

the survey.

- — e ———— - —— S i

2 Terumo Corpuration, Tckoyc, Japane.

3 Kindly supplicd by Dr. L. G. Turncr «HO/FAC
Leptespirosis Reference Laboratery, Colindale,
Lenden ond Dre He Dikken, WHC Leptespircsis
Laboratcery, Royal Trepical Institute, Amsterdame
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Serotype Strain tassage Scurce

L. griprotyphosa Adamans CH 31 Ve.1227 Colinfole
L. hebdonadis Hebdomadis Pedh? "

L. conicola Hond Utrecht IV ¥.1475 "

L. biflexa Fntoc 1 "

L. ponona Pomona I.1169 "

L. icturchemcrrhogice Jectero. 1. r.209 Amsterdan
L. tewdg pyrogenes  Salinen P.1262 "

L. tarasscvi Fergdipelicin P.waep 6] 0

- MA. “arijo‘)ftjﬂmo P.700

The serotypes were maintained in semi-eolid Elling-
hausenel:icCulloush medium and transferred every three monthse.
After initial incubation and prowth, the eultures were stured

in the dork in o eupbonrd -t room temperagure (25 to 2?00).

E.M. Hedium

The scodium pclysorbate €0 bevine albuman medium of
Ellinghousen and McCullough (EM) was prepored according to )
*[uoroumu‘

Turncr (1970). Tec bevine albumen (frection V)h, Seflucuracil—

(5Fu)? was added, pH adjusted to 7.2 + 0.1, filtered thrcugh

el B s . 5 Wl B e S . — .

e e T e e

4 Sigme Chemienl Company, St. Louis, Missouri, USA.

5 Ibid
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a 0,22 miercon filter, and stored until added tc the filter-
sterilized basrl nmedium. The finnl concentreticn of S5Fu

in the medium was 40O meg/ml.

Leptospiral Antigens

Five t¢ seven day live cultures of Leptespira sero-
typee in EF media were contrifuged 2t 1,500 rpm fer 10
minutes in a bench top cuntrifuguc to remove extraneous
debris. The supernatornt was diluted with phosphate buffered
storile snline (FBS) and standardized to 150 - 200 lepto-
spira per hipgh dry field with 2 darkficld microscopo?

(Galton et al., 196Q).

Micreoscopic agglutination Test
All scro were sercened at 1:20 dilution and disgarded
if negative. lositive scra were then titered nt doubling di-

lutions frem 1 : 100 te 1 : 1600,

The micrceccpic agelutiration test (MA) of Galton et al,

- [yt

— —— - — A — 8 e — . —

6 Baird and Tatlock (Londem) Ltd., Chadwell Henlth,
Essex, England.

7 COlympus Upticnl Co., Tokoyco, Japan.
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(196;) was carried out with Cole et al. (1973) modification
te handle lesser volumes using live antigens. The tests

were carried in plastic hemagglutination plntena with ten
vertical and eight horizontal rows, Each hole had a capacity
of 0.5 ml. Eight samples were screened agninst nine lepto=

spiral antigens per plate.

One~tenth ml of diluted serum was transferred to the
vertical rows and 0.7 ml of antigen added to each of the

eight hcerizontal rows by means of a 2 m) pipetteg

calibrated
to deliver 0.7 ml in 2 drops. Each plate was carefully
shaken. to insure thcerough mixing, covered with aluminum

foil and stacked. The stack was covered with a moist towel

and incubated at 28 - 3000 for three hours before examination.

The tests were read by transferring a drop of the mixture
to a slide and examining for agglutinntion cr "elumping" with
a darkfield microscope at low power; 50 per cent or more

clumping with definite "translucent mothballs' was considered

£ Boird and Tatlock (London) Ltd., Chodwell Heath,
Essex, England.

9 lescipharm Supply Company, Zaria, Nigeria,
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pesitive.

Contrcls of 0.1 ml V'BS and Q.1 ml antigen were set up

with e¢ach bvateh of tests.

After examination, the plates were immersed in 2.5 per
cent phencl for 30 minutes, rinsed overnight in running
weter, thoroughly washed in hot water and soap, rinsed with

distilled water and allowed to dry before re-use.

Terms
The following criteria of Schwabe (1969) for incidence

and prevalence were used in thie study.

Incidence rate = Dynamic measure of the number of ncw cascs
of leptospirosis occurring in a given population in a stnted

period of time.

Prevalence rate = Stntic measure of the total number of

affected individuals in a population at =« given time.

RESULTS

A total of 2,852 sera was tested: 1,153 cattle, 560
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sheep, 448 poats, 395 donkeys, 146 horses, and 142 camels
(Table 1). Cattlec sera represented 40.4 per cent of the

total livestock somples tested.

Incidence rates of leptospirosis in livestcck in the
eight statee are given in Toble 2 and Fig. 1; the overall
incidence was 7.% per cent. State incidence in decreasing
crder was: Niger, Kaduna, Kanc, Berno, Flateau, Gongola,
Sokoto, and Bauchi. Leptospiral serctypes varied between
states, the nine serctypes used for testing were found only

in Enduna state (Table 3).

Bauchi state had the lowest incidence rate (3%) and the

predcminant serotypes were L. icterchemorrhagine, L. hebdo=

madis, and L. pomona. Cattle, shecp, horses and donkeys
were invelved and 50 per cent of the reacters had titers of

1/200 or more (Appendix 3, Tables, 1, 6, 8).

In Borno state, only cattle and horses had leptospiral
antibodicss L. hebdomadis, L. pomona, L. Nardjc and L. ictero-

hemorrhagine werc the mnin serctypes and 60 per cent of the

reactors had titers of 1/100 cr more (Appendix 3, Tables 1, 8).

Five of the positive sera had coagglutination and the other
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five renmcted gppecifically with only cone serotypee.

In Gongoln state, only cattle and horses had lepto~
spiral titers (Appendix 3; Tubles 1, 8). Cattle sero=-
reactors had titers of 1/100 or mere to L. pomona and two

L. tarassovi.

Kaduna state was the only state with leptospiral rence
tors in all livestock species except camels (Table 2),
Although horses had a 32 per cent incidence, it was confined

to L. pyrogenes, L. canicola nnd L. icterchemorrhagiae

(Appendix 3, Table 8). Donkeys, however, reacted to _I_._-..

grippotyphosa, L. icterchemorrhggice, L. hordjo, L. hebdo~

madis, L. pyrcgenes and L. austrnlis. Incidence rates in

sheep and gonts were low and L. rogenegs predominated

(Appendix 3, Tobles 6 -~ 7).

Kano state had the highest incidence of leptospirosis in
cattle (Table 2). L. hebdomadis, L. hardjo and L. pomonz
predominated and titers of 1/100 were recorded (Appendix 3,

Table 5). Horse sera reacted against L. icterchemorrhagine,

L. gapiccla and L. pyrogenes and donkey sera mainly against

L. pomonn and L. pyrogenes (Appendix 3, Tables 9 - 10).

-
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Niger state had the highest incidence rate (13.0%) with
all scrotypes employed beins detected except L. australis

(Table 53 Appendix 3, Tavles 4, 6, 9). The main equine sero-

types were L. pyrogenes and L. hardjo.

All serotypes except L. custralis were detected in
cattle, sheep and horses in Flateau state (Tables 2, 5, 11).

The main serctypes were L. pomona, L. tarassovi, L. hebdomadis,

L. ganicola, and L. pyrogenes (Appendix 3, Tables 3, 6, 9).

In Sckoto state, seroreactors were confined to cattle,
horses rnd dunkeys (Table 2). The predominant bovine sero-
type was L. pomona with titers up to 1/1600 (Table 5; Appendix
3y Table 2)« The main equine serotypes were L. hardjo and

L. pyrcgencs (Appendix 3, Table 9).

Analysis of the results cf animal species revealed the

following:
= Cattle

Eleven hundred and fifty-three sera were collected fronm
131 herds containing a total of 6,288 cattle (Table 4). More

herds were tested in Koduno and Kane states znd both had more
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positive herds. In Berno state with a 27 per cent, only one
herd was sampled. Fifty-six per cent of the sera collected
at abattoirs had leptospiral antibodies. The incidence rate
for the eight states varied from 2.3 to 27.0 per cent with an
overall incidence of 11.9 per cent for bovine leptospirosis
(Fig. 2). Distribution and mean titer of the leptcspiral
serotypes in the eight states are summarized in Table 6 and

Fig. 3.

All nine leptospiral scrotypes were found in cattle in

Kaduna state (Table 5)« Serotypes hebdomadis, pomona, hardijo,

and icterchemorrhagine were prevalent in nll eight northern

states except there were no seroreactors to L. icterohemorr-

hagiae in Gongola or to L. hardjc in Platcau (Table 5).
Reactore to L. ganicola were found in Bauchi, laduna, Platcau
and liger states. L. australis was found in Kaduna state

where L. tarassovi was also prevalent (Tables 5-6).

2 Sheep

Only 1.5 per cent of 568 sera collected were positive
for leptospirosis (Table ?; Fig. 4). The serorenctors were

found in Bauchi, Kaduna, Niger and Flateau states. The
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predeminant serotypes were L. pyrogencs a~nd L. grippotyphoea

3. Goats

Only 1.1 per cent of L4 gont mera were positive for
leptoepirosics and the reactors were detected in Kaduna and

Kane gtates (Table 9; Fig. 4). The seroresctions were limited

to L. pyrogenes, L. icterchemorrhagine and L. capicola (Table

103 Fige %)
4, Dounkeys

The incidence in the five states positive for leptoepi-
rosis varied from 2.6 to 11.1 per cent with an overall inci-
dence ¢f 6.1 per cent (Table 11; Fig. 5). The incidence rate

wae highest in Niger nnd Yaduna states.

All nine serotypes were detected in donkeys (Table 123
Fig. 6). High titers were found against L. hebdomadis, L.

pomena, L. pyrcgenes, and L. sustralis. The predominant

serotyres werc L. icterchemorrhagiase and L. pyrogenese

5a Horscs
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Horses had thc hizhest incidence rate (24.7%) for
leptospirosis fer the spocies surveyed in the eight states
(Table 11)e A2l nine scrotypes were found in horses (Tablc

13; Fig. 6); the predominant being L. icterchemorrhagine and

.L-‘l E!rog&nes-

6. Camcle

There werc no leptospiral reacters in the 142 samples

taken from camels slaupghterced in Kano and S~kcto statess

7. Age and Scx

The majority ¢f animals were mature to zged and femole

(Appendix 2, Tables 1 - 11).

DISCUSSION

This study estabiished the existence of leptospirovgis
in livestcck in Bauchi, Borno, Niger and rlateau states of
Nigeria, and ccnfirmed it in Kaduna, Kano, Gengole and Sckoto

states.

In interypreting results the 50 per cent agglutination of
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leptospira organisme at 1/20 dilution was considered signie-
ficant. There has been controversy over what is significant
in leptospiral serology. Turner (196?) considered 7% - 100
per cent agglutination at 1/10 dilution significant since
serclogical reactions at that level could be regarded as

being indicative of serogroups occurring in the particular
regions where the test was carried out. He further challonged
those who regard such reactions as non-specific to demonstrute

alternative causes.

Obgservations of scx end age difference were of little
value as female animals were more numerous and more rendily
available for sampling than males, and as almost all were

adult to aged.

Cattle were the largest group in the survey. This was
because of the importance of the cattle industry in the north-
ern states and the fact that the survey was organiged arocund
main centers of the cattle trade routes so that cattle under
traditional methods of husbandry could be sampled. Fulbe
cattle owners were reluctant to have their cattle bled and

this kept the number sampled from each herd to a minimume



An interecsting observation on the incidence c¢f bovine
leptospiresis is that Borne and Kanc had the highest rates,
They alsc happen to have the most cattle of the cight states
surveycd., Flateau and Niger were the next highest in inci=-
derce, yot they have the least number of cattle. It can be
inferred that two factors are operating here: populaticn
density and the geoclimatic factor (Gordon-Smith et al., 1961).
Niger and Floteau states are loeated in the southern Guinea
savanna wherens statcs like Fanc ifd Sckoto are in the dry

ﬁlf‘l.
Sudan acvanna area {Appendix 1)« The leptespircsis incidence
in cattle in these four states and Knduna are above thc total

incidence rate (7.4%).

Kinebuchi and Afcakwa (1973) observed in Ghana that
there wns more variety of serctypes and mere infection in man
with leptecspira in the forest area than in the savanna, 1n
this survey the incidence rate for livestock recorded for
Kaduna state seem to follow this pattern cven though it is a
different savanna subregion. Kaduna stnte extends from the
Sudan savanna in the rorth tc the souther Guinea savanna zone.
There were more seroreactions in more specics in the moist

Southern arca of Kofanchan than in katsina in the far dry
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North (Appendix 1).

In the state distribution o¢f serotypes in cattle, nll
nine leptospirn serotypes occurred in Kaduna and eight in
Niger. These findings support cbservations by Twigg et al,
(197%) that leptospira infection rates of dairy cattle in
Britain were highest in marshy rat-infected land. Also
connected with this was the practice of transferring cattle

frem cne arez tc nnother.

Ia carly cattle surveys in the UeS.A., reactions to

L. autumnalis, L. ballum, L. grippotyphoga, L. hardjo and

L. icterchemorrhagine werc found (Galton et al., 1956).

As there were no isclation of these serctypes in cattle, it
was concluded that the presence of these agglutinins was

probably due toc cross reactions (Alexander and Evans, 1562).
The isolation of L. pomcna frem cattle with serclogic reac-
tions te other serctypes later helped reinforce this concepnt

(Hanson, 1973).

In this survey serotypes pomona and hebdomodis predomi-

nated with %.9 and 3.3 per cent incidence, respectivelye

These wore actually 24 and 22.5 per cent of all positive sero~



reactions in cattle. Intercstingly enough neither L. pomona
nor L. hebdomndis have been isnlatod but L. pyrogenes has
been from kidneys of slaughtered cattle (Fart VI). Three

unidentified isolates reacting to L. australis, L. bollum,

‘L. ¢anicola and L. icterohemorrhagine have becn found. On

the basgis of titers, it is unlikely that cither pomons or
hebdomadis scroreactions are due to cross :eagtions. _Further
studics should lead to isolaticn of thesc fﬁﬁ se;éfjpes ffom
Nigerian cattle. As in other African surveys of the same

latitude, scrotypes grippetyphosa, hebdomadis, icterchemorrs

hagiae, pomcna and tarassovi were found (Van Riel et al,,

1971; Shigidi, 1974; Moch et al., 1975).

The incidence of leptospirosis in sheep did not follow
the same pattern as in cottle except for one general ¢bserva=
tion. In haduna stnte all pesitive serorcactors were found in

the Kafanchan arca in the meist scuthorn Guinca savanna. There

wae evidence for the presence of six sercotypes (grippotyrhosa,

hebdomadis, pomons, pyrofenes, inraseovi and austrelis). In

— -

the survey of livestuock in Senegnl, Van Riel gt al. (1971)
also found six serotypes. Shigidi {1974) in Suden found only

three serctypes but he used less serotypes in his screening
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battery. In addition, he used commercial antigen which we
found unsuiteble for this purpese. The serotypes found in

northern Nigeria are found also in Sudan,

Lt - P

o

There is no doubt that goats can transmit leptospirosis,
In view of the extremely low percentages cbtained in mosgt
surveys invelvibtg gonts, ifts role in the epidemiolopy of lepto-
spriosis is questionable. In northern Rigeria goat rearing is
more importont only in the more arid states in the sudan ond
sahelian savanna zones (Borno, Sokete, Kane, and Northern part
of Kadunal). It is interesting to obaserve the positive renctor
in Kafanchan (Kaduna state) rcacted at 1/1000 to L. pyroneaes,
which is the prevalent serotype cccurring in siwne in the arca
(Part V). L. pyrogenes has alsc been isoloted from a bovine

kidney from Kaduna state. The reactions te icterchemorrharine

and ganiccla scrotypes indicates that infection was contactoed

from duge or rats in view of the browsing hobits of goats,

Horses appeared to be more affected than donkeys. Boero=

types icterchomorrhagiae, and rogenegs were mosi prevalent

altheough serological reactions to cther serotypes'were detected.
The relative hizh incidence is no indication of speeific pro-

disposition to infection. Among pesitive reactors in both

R
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donkeys and horserc there were approximately the seme pers
certages for the different scrotypes. The smnller sample

of horses tended tc¢ inflate the incidence rate.

The lack of positive camel sera indicates that there
is little likelihced cf camels pleayine a role in the epi-
demiology of human leptospirosis in northern Nigeria.
Camels 2re found in the northern Sudan savanna. They are
brought from the Republic of Niger nnd slcupghtered for meat

or used for trengporting goods back,

In conclusion, the date prescnted indicates that cattle
and horses have a high incidence cf leptospiresis and that
they may bc more important carriers in the epidemioclogy of
human leptospirosis in northern Nigerin. The high incidence
of L. pomona nnd L. hebdomadis serogroup antibodics suggests
that a systematic study will lead to isclation of these

serotypes.

SUMMARY

A total of 2,052 sera was testcd for leptospiral anti-

bodies in eight northern states of Nigeria by the microscopic
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agglutiration test: 1,153 cattle, 56 sheep, 448 goats,
395 donkeys, 146 horses, and 142 camels. Nine scrotypes

were used: grippotyphesa, icterchemcrrhagice, canicoula,

hebdomadis, pomona, hardjo, pyrogenes, tarassovi, and

australis. The overall incidence for lepteospircsis was

7.4 per cente The ineidence rates for the eight states in
decreasing order were Higer (13.0%), faduna (£.7¢), Kano
(8.0%), Borne (7.3%), Flateau (6.4%), Gongola (5.7%), Soketo
(4.4%), and Bauchi (3.0%). Leptospiral scroty,es detected
varied between the states from three te nine, Kaduyna state

only had all nine.

Livestuck sjecies found yositive for lejtos: irosis in
each state were: Bauchi - cattle, rchee), horses and donkeyss
Borno and Gongola = cattle and horses; Knduna -« 2l]l oxcept
camels; Kanc - cattle, goats, horces and donkeys; Niger -
cattle, herses, donkeys, shece] and goats; rlateaun -~ cattle,

shec; 2nd horses; and Sokoto - cattle, horses and donkeyse.

The overall s;ccics incidence rates werc: horges (2L.7%4),
cattle (11.9%), denkeys (6.1%), shee: (1.8%), nnd gonts (1.1%).

All nine seroty;es were found in cattle, horsce and donkeys,



and in sheep (grippotyphosz, hebdomadis, pomona, pyrogencs,
and tarassovil), and goots (pyrogenes, icturchemorrhagiac, and
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Fige 1 Incidence of Leptespirosies in livestock
from cight stantes of Nigeria.
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Fig. 2 Incidence of Leptuspircsis in cattle
frem eight states of Nigeria,
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Fig. 3 Distributicn «f Leptospira serctypes in
cnttle, sheep and gonts from eight nerthern
statees of Nigeria.
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Fig. & Incidence of Leptrspirceis in Man and Animals
in cith northern states of Nigerin.
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Fig. 5 1Incidence of Leptospirosis in cquine species
from eight states of Nigerin.
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Fig. 6 Distributicn cf Leptospire scrotypes in equine
specics from eight vorthern states .f Nigerice
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PART III

SEROLCGIC SURVEY OF LOCRTHERN NIGERIA
FOR LEFTCSPIRCEIS: 2, MAN
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INTRCDUCTICN

Leptespirceis is an ubiquitous water-borne zoonosis
recognized throughout the world. It is caused by a svpiroe-

chetc Leptospira interrocans, which is classified into

18 serogroups and has over 140 morphologically identical
serotypes (Anon., 1967). Envircnmental factcrs such as
those e¢xistings in trepical regions tend te favor endemicity
of leptespirosis. In man the discasc variecs from a mild
clinical illness caused by the majority of serotypes to a

fulminating type cnuscd by L. icterohemorrhagiae and L.

canicola.

Much £till remains tc be clarified about the epidemio=-

logy of leptospiresis (Szatclowicz et al., 1969; Turner, 1967) .

Reports of lepteepirosis in Africa date from 1933 when Kadamer
and Corti described an epidemic of leptospirosis in a colony
of EBuropeans living in Zaire. Since then leptospirosis has
been reported in Algeria, Senegal, Guinea and Mali (Mailloux

and Kolochinc-Bbert, 1961; hailloux ¢t al., 1974) and in

Camerven where Fry (1667) demonstrated its endemicity by
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showing that 25 per cent of paticnts with F.U.C. (fever of
unknown origin) in the area of Ndian had leptospira anti-
bodies and thot 35 per cent of patients with leptospirosis
had signs of icterus. In Nigeria, Leach and Cancn (1943)
reported 2 case of leptospirosis which was mistaken for

yellow fever in the then Western State.

In other parts of Africa surveys in man have becn
carricd out. In Zimbabwe, Graf (1665) found one positive
cut of 484 sera tested for leptospiresis. In a six year
survey of patients suspected te have leptospirosis in Dakar,
Sankale ct z21. (1974) found 6.4 per cent positive. These
investigatore concluded that leptospirosis was net a preblem
in Dakar. Kinebuchi and Afonkwa (1973) examincd 99 cases
diagnosed nas infectious hepatitis or jaundice in Ghana.
Eleven of 3B cases providing paired sera and 10 out of the
remaining 61 sera (16.4%) werc positive for leptospirosis.
Collard (1962) found 4.5 per cent prevalence of l:optespira
antibedies in a survey conducted in the Kateina area of Kaduna

State in Nigeria.

The aim of thie study was to investigate the incidence

cf leptespiresis in cight northern states of Nigeria by a
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scrclogical survey using serotypes reported in Africa.

MATERIALS LND METHCDS

Survey area and organization, leptospiral scrotypes,
and microscopic agglutinntion testing were described in

¥Yart 11. Scrotype biflixa was added to the screcning battery.

The Chief Medicel Officers-in=-Charge of the area hospitals
in all thc survey centers vwere notified and their cooperation
requeceted. All sera were collected from the pathology labora-
torics from rcutine blood samples taken from people reporting

sick.

RESULTS

Resulis of the leptospiresis survey irn man ere sum-
marized in Tables 1 = b and Appendix 3 (Tables 11 - 14).
A totol) of 1,374 people were tested and 152 were positive,
a 1.1 per cent incidence ratc. Secventy~four of the

positives were males and 78 were females.

The highest incidence rate per state was recorded in

Plateau stote (31.8%), and Bauchi, CGongola and Kaduna were
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next with 16.7, 10.5 and 9.4 yper cent, respectively (Fig. 1).
In Borne there was no scropesitives among the 30 samples

token.

Age distribution is shown in Table 2. The adult group
seemed mere predisposed to leptospirosis with 77.6 per cent
incidence; the ovlder cgo group and children had 4.6 and 0.7

per cent incidence rates,; respectively.

All scrotvpes tested were present (Table 4) 4%0.8 per
cent ¢f the pesitive sera reccted at titers of 1/100 or

morc. L. grippotyphosa, L. hebdemadis, L. pyrogenes, L.

tarassovi and serotype biflex~ patoc 1 had titers up to

1/400, Serotypes icterchemorrhagiae, hardjo, pomona,

australis and caniccla cxhibited titers ranging from 1/20
toc 1/100. There werce relatively fewer reacters to L.

:]

australis nnd L. canicola than any cother serotype.

DISCUSSION

Collecection of human blood was mere difficult and
delicate ns it wus not possible under the conditions of the

survey tc mcbilize the manpower neccessary and to obtain the
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authority and ccoperaticn to bleed healthy people. The
gampling method of cbtairing scra from blood already collected
from peupl. re orting sick served te determine the status of
leptcspirosis in the human populaticon of the cight states.
Cthers may congider the results more meaningpful to clinicians
than to epideniclogiste interested in incidence of leptospie-
rosis in the population as & whole. The sampling is not
regerded as being biased towards leptospirosis as the paticnts
werc reporting ill for various reasons and as the survey
covered a two=-ycar period, it could be regarded as being
reaconably representative of the population in cach of the

cight states,

The incidence of leptospirusis would be expected to be
rclatively high in a tropical agricultural country like
Nigeria, The choice of serctypes was bescd on earlier reports
of prevalent serotypes in the sahelian zZone. However, it was
not possible or practical to include all the serotypes re-

ported.

Incidence reported was not as high 28 that found in

Ghana by Kinebuchi and Afcoakwa (1973). It was nevertheless
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more significant than that re:orted by Sankalc ot 2l. (1974)
who concluded that lcptespirrsis was not a human problem in
Dakar. They nclnowledged the hich incidence of leptospirosis
in rodents and livestock in Semegal (Van Riel ¢t al., 1969;
Van Riel gt 21., 1971). Their argument was that, since only
seven cases ¢of leptospirosis werce found in six yenrs, it mizht
net be important clinically uven though it was & recoznized
public health problem. Ccllard's {(1962) results in Nireria
seemed to be hisher. He used the CF test and serctype cani-
ecla only, The CF test is known te be more sensitive than the

ka test but it is also less specific,

A hich frequency of nll serotypes tested was found at

low diluticns (1/20 tec 1/100). L. grippotyphosa, L. hebdomadis,

1. rezenes and 1. tarasecovi had hijh titers, which werc in-

-

dicative of definite infections. It has been surgested by many
authors thot serorcaction at low diluticns are non-specific.
This is poscible since in Weil's disense the Y"paradoxical
renction” ig known to oceur. A high percentage of L. biflexn
reactors and at high dilutione is indicative of current infee-
ticn as well as the pessibility of infection with serotypes

not included in the screening battery (Hergt, 1976).
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L. grippotyphcsa, L. hebdomadis, L. pyrogenes =nd L.
tarassovi re known to causc fuver in man (Alstcn and Broom,
1958 ; Varfoloomocva, 1964). The same serotypes are nlso

important causes of loptospirosis in livesteck.

The incidence pattern in Bauchi, llateau cnd Gongola
states sugizusts thnt there may be a relationship between
altitude and 2 hirher incidence of leptospirosis. It is
nlsc known thot overgrazing is a livestock problem for the
llnteoau geographical regicn which includes these three states.
The distributicn cf serotypce in these states gives 2 better
picture on incidence. In Gongola state there were two posi-
tives out of 19 scra sampled. Compared to the sample size
in Kaduna, Ranc and Plateasu states, the results in the latter

arc more meaningful.

Therc was an ~ape but no scx difference amung the sc¢ro-
reactors to leptospircsise. The adult group was more pree

digposed to infeetion then either the aged or children groupse.

It is known that abeut 6% per cent of human cascs lepto=-
spirosis are anicteriec. Berman et al. (1973) found that

leptospiral infcctions were 2 common cause of acute fever in
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Ue 8. military personnel in South Vietnam in 1973. huscle
tenderncss ond conjunctivitis were more commcn than typieal
joundice and central nerveus system sisns. Fry (1967) already
showed that 25 per cent of 200 cascs of F.U.C. investigated

in Camcroon werc of leptespirnl origin -nd thot icterus was

present in only 35 per cent.

The incidence in the states, especinlly Flatcau, Bauchi
and Kaduna, clearly indicatcs th: presencc of leptospirosis
in the humean population of northern liigeria. A record of
occupaticn was net kept and this could be useful in future
studies (Schwabe, 1969). The results obtained will form the
basis for a more systematic cpidemiovlogic study of human
leptospirosis in Nigeria ineluding sampling higher risk occu-
pational groups such as slaughtermen, veterinarians and Falbe

cattlemen.

SUMMARY

A total of 1,374 sera cecllected from hospitals in eight
northern states of Nigerio were tested for leptospiral anti-

bodies to sercotypes grippotyphosa, icterchemorrhagiae, hardjo,
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hebdomadis, pomona, canicola, pyrogencs, biflexa, tarassovi,

and australis by the microscopic nrglutination test during
1975 = 76 The incidence rates for the eight states in de-
crecsing order were: Floteau (31.0%), Bauchi (16.7%), Gone
gola (10.5%,°), Kaduna (9.4%), Sokoto (5.1%), Kono (4.5%),
Niger (3.0Y) and Borro{nil. Antibodies tu all ten serotypes
were detected in blatezu nnd Kaduna states cnly. Serotypes
were detected in the fellowing decreasing frequency: biflexa

52, icterohemorrhagiae 33, hebdomadis 28, pyrogenes 27,

pomona 24, hard jo 20, tarassovi 19, grippotyphosa 18, canicola

8, and australis 3. There was an age but no sex difference
among the seroreactors; adults 77.6 per cent incidence rate,

aged 4.6 per cent, and children (€10 yeors) 0.7 per cente
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Fig. 1 Incidence of Human leptospircsis in eight
states «f Nigeria.
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PART IV

CANINE LEPTOSPIROSIS IN -

Z2ARIA AND JOS, NIGERIA
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INTRCDUCTION

The dog is a recognized carrier host for leptospira
organisms. It has been suggested that pecple rarely
contact leptospircsis at home except for "eanicola fever'
causcd by le caniccla, and "icterohemorrhigica fever"

caused by L. icterchemorrhagise when the premises are

heavily infegted with rats (Meyer, 1964; Geistfield, 1975).

Acute leptespirosis in dogs is causcd by two gero=-

types, Leptospira icterchemorrhagine and L. canicola,

which cause disease entities with distinct signs. The
fcrmer is characterized by jaundice and severe nephritis
with uremin and the 1lntter rarely causes joundice. Both
discases, hcwever, are charscterized by nephritis (Alsten

and Breoom, 1958). Infecticn with L. icterchemorrhagiac

is by contact with rat urine or water contaminated with rat
urine, while infection with L. canicola is by dog-to-dog
contact. Younger dogs, cne to three years old, are more

susceptible to infecticn than clder dogs. Subclinically
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infected or convalescent canine carrviers zre of great

impertance in the epidemiclogy of leptospirosis, because

they excrete leptospira in their urine feor long periods.

In a 13 year study of 483 cases of human leptospircsis -
(Galton and Heath, 1965), 12 serctypes were isolated ine-

cluding L. ganiccla and L. ictorohemorrhagize. Infecticn

with thesec twoe serctypes was moest cemmonly associated with

direct or indircct contact with rats and dogs.

Other leptospira species have becn known to nffect dogs.
Frevalence of agglutinins other than L. caniccla and L.

icterohemorrhagine, a5 well as isclation of L. pomona

frem a dog, have been reported (Murphy et al., 1958;

Ryu et al., 1975; Sebek and Wurst, 1975; Ryu, 1975).

In Africa, reperts of canine leptoespircsis are few.
Darasse and Tidori (1956} reported isolating L. ictero=

hemorrhegiaec from a dog in Dakar. In a survey invelving

50 degs in Mcroe co, both L. icterchemorrhagiaec and L.
canicola were isolated (Mailloux and Kclochine-Erbert,
1961). TFollowing a survey for leptospira carriers in

Capetwon, Beyers (1965) isclated L. canicola from dogs.
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Ball (1966) cculd not find any sercreactor in five dogs
from Kenya and Uganda. In Bthicpia, Mcch et nl. (1975)
focund one sercpcsitive among 12 dogs examined for lepto-
spirosis. In Nigeria, there have been clinical reports

cf canine leptospirceis at Zaria (Adeyanju, 1976).

Reported here are the results of a survey for lepto-
spira cgglutinine in the dog pepulation of Zaria and Jog,

Nigeria.

MATERIALS AND METHODS

The procedures for leptespiral testing were described

in detail in Fart Il.

Sera were ccllected frem dogs in the veterinary hespital,
Ahmadu Bellc University, Zaria, Kaduna State, and from the
veterinary clinic at Jos, Plateau Statc, frem January, 1976

to December, 1976.

RESULTS

Twe hundred ond eighty-twe dogs were sampled and 26
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(9.2%) reacted tc on. or more leptospirs seroctypes (Tables

1 = 2)e The agglutinin titers of the positive sera are
given in Table 3; 61.5 per cent had titers of 1/100 or moure.
The monthly distribution of leptospira reactors and preva=-

lence arc given in Table 4 and Fig. 1.

L. ennicola and L. icterchemorrhagiae werc the predo-

minapt serctypes with a 5.7 and 4,3 per cent incidence,
respectively. Reactors to both serotypes were found in
Zaria in ccntrast to Jos where L. canicola was prevalent,
There was no difference in the leptospircvgis incidence in

the canine population of the twe arcas (Table 1),

Two dogs rescted with L. pyrcpenes and one with L.

anustralis.

DISCUSSICN

The results of the survey confirmed findings elsewherc
that leptospiresis ie relatively commen in the eanine popu-
lation and that L. icterchemorrhngine and L. caniceola are
the primery serctypes. Initially, it was intended te

collect sera fron dogs in the viecinity of the collection
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centers for the leptosyiresis survey in livestock in the
cight northern states (Fart I1) but this was found to be
impractical becausc of lack of adequate help and loeal
cooperctions The canine survey wae limited to the veteri-
nary hospital at Ahmadu Bello University, Zaria and the
veterinary clinic at Jes. The Ahmadu Belle University
veterinary hospital trcats dogs from Zaria, Kaduna, Kanc,
Sokoto, other parts of northern Nigeris, southern Nigeria
including Lages, and overseas. A number of expatriate
university faculty bring their dogs with them. In contrast,
the canine population at Jeoe is less cosmopelitan and more
locale This would c¢xplain why the Zaria sera reacted teo
four leptospira serotypes and the Jos area primarily to

ll‘. canciolne

The important public health question is whether these
degs arc carricrs and shed leptospira in their urine there-
by endangering man and other domestic animals. There is no
doubt that clinical cascs cf leptospirosis occur since 61.5
per cent of the seropositive dogs had titers above 1/100.
Upon recovery, these degs can shed leptospira in their urine

from 6 months tc four years (MeIntyrc ¢t al., 1953). Of
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additicnal importance, is the finding of serorcactors to
L. pyrogenes and L. oustralis and the isolation of L.
pyrogencs from the kidney of slaughtered cattle and L.

austroiis from rats (Arvicanthus niloticus) (Fart VI),

This guggests that dogs contact these infections from

othur animal specics.

It ie net possible te draw any valid conclusions
regarding the monthly distribution and prevalence of reace
tors. This would require a longer cbservation period and

o larger number of sera from o wider dog population.

Cne ¢f the problems of public hcalth surveys in a
developing country like MNigeria is the ability to obtain a
statistically mcaningful sample against a background of
different social attitudes. The dop ic considered man's
best friend =nd a pet, but it dees not receive the same
treatment in different communities. An urban Nigerian will
keep a dug mcre as 2 ccupanion ond watchdog than the cattle
herdsman. The former will alsc pay more attention to the
health of his doge Thie is important 2s he and his family
will have closer contact with their dog and hence o greater

danger of contacting zoonotic discases like leptuspirosise.
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In Zaria, increased urbarisantion has resulted in an
increased number cof hecuscholds having pet dogs. This

has beep ar increasing trend over the past five years.

The serclosical survey indieates that dogs in Zaria
and Jos mey be carricrs of leptospirosis. Whether they
constitute an important public health bazard will have to
be determined by actual attempts te isolate leptospira from

their urine and correlating results with surveys of man,

SUMMARY

Two bundrcd and ecighty-=twe dogs were tested for lepto-
gpiral opglutinins by the micresccpic agglutination test
and 26 (9.2%) werc positive for onc to three serotypes;
61.5 per cent had titers cf 1/100 cr more. L. canicola and

L. icterchemorrhaginse were the predominant scrotypes with a

5.7 and 4.3 per cent incidencc, respectively. Reactors to
broth serctypes were found in Zaria in cuntrast to Jos where
L. canicola was prevalent., Two doge reacted with E.
pyrogenes cnd one with L. australis. There was no difference
in the leptuspircsis incidence in the canine populoticn of

Zaria and Jos, Nipgeria,
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TABLE 3: Agglutinin Titers of Leptoerira-pesitive
Sera collected freem Logs in @nria ond Jdos,
Miperia during 1976.

T Scrum R Titer L
City Nee dgteroe® covicols pyrogencs austrolis
Zaria, 3 20 100 20 -
Koduno 36 - 20 - -
8tnte 51 20 100 - o=
S - oo - -
67 20 - - -
7e 20 20 - -
81 Loo - - S
Chy 20 200 - -
5 100 - - -
9 100 - - -
125 20 - - -
133 1600+ - - »
137 - 20 - -
143 - - - 200
145 - 100 - -
Yok g 20 " - -
;if:: Y10 - 400 - =
= 15 - 200 - -
25 - - 20 -
52 = 400 - P
58 - 100 - -
67 - 100 - -
69 - 20 - -
70 - 100 o -
106 20 @ - -
Toted 12 16 e

— 8 —— - — T Wy m—

e
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Fig. 1 MHorthly cdistributicn :nd vrevelonce of canine
lentesiiresis in Garin ond Jioe.
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FPART V

SWINE LE:TCOFIRCSIS IN KADUNA
aRkD KARC LTATw: CF NIGERIA
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INTRCLDUCTION

Leptespirosis is 2 major disensc of swire charncturized
primarily by obortiing stillbirths “nd ncon ¢ nmertality
(Blcod and Henderscn, 1968). Fot-1 lessce cecur mainly in
sows infieted ofter mid-prognancy (Fernnestad nnd Borge
Potirsen, 1966)s Leptospira pomonn is the most commen
scroetyre isclated frem pigey cthors include 1. eunicula
(Yilliams ¢t al., 1571), L. zripp typhcsa (Hans'n et 2l.,
1670}, L. ict. rchisorrhoizc (Schnurrenberger et als, 197C)

and é, sustralis (Haneon, 1972).

e

In Africn, luptcepirisis has becn reported in Zairg,
Ethicpia, Mirceed ond Sencgole 1Ip 4nirce, Van Ricl ~nd
Von Ricl (1954) found 4.6 ver cent of 283 pigs scropositive

te L. icturchemorrhagine «r Lo grippctyphceas In Bthi vic,

Meeh ¢t cl. (1975) feound 57 per cent of pigs teeted had
leptospiral ontibodics. A survey in Scenepcl included 66
pigs with ¢ pur cent recctors (Van Ricl gt al., 1971). Ia
Moroeco, Blane gt al. (1961) reported thot 23 of 31 pigs

(?h.20) tieted were sercopuesitive for lepteospirveis. Swine
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lcptoervdresic has not becn re xrted in Nigeric.

,  Buported here arce the results f scrclogic testing

of pig sern for luopteepircsis frem Kaduna :nd Kano abattoiree.

MATERIALS AND (L EVHODS

The scrclegic pr. cedurcs were described in kFart II.

Ser were ccllected frem pig slhughtered at Kndune

and Xano abattodirs durine July to Scptember, 1976.

RESULTS

A tot2) of 105 poers wae tosted nd 4€6.7 per cent woere
poesitive for leptespirosis (T ble 1). The femole: male
retic «f the reseters was 2:1. The distributicn of leptow
spirc scr: typur, titure ~rd incidencce are given in Tnble 2
ond Fige 1. Scrctyper icterchenrrhigice, pyrosence nd

conicela haed the highest incidernce (Avpendix 35 T-ble 15),

L. pem n- ineidence was low.
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DISCUSEICN

Thie prelimin-ry survey confirmed the preecnce « f
swine lopt soirceis in Biserin. It appeare £ be mure
impertant in K-dun~ st~te thon in Keno state where only
twe cut «f 12 scra recacted, 1t is worth noting that cxtene
sivce pig forwing dece net oxist in the porthern part of
Niceri~ cven theuch o large risccory is in cperation ot
Kance The differcnce in re ctrr rotes between the twoe
statcs coule boe s~tiridbuted t¢ serpr phienl licaticn. Most
¢f Lthe pigs killed ot the K- duno abatt-oirs were oithor bred
at Kakuri or brought up frem thc humid and irrigs-ted areo
cf Knfachansy beth arear are lecoted in the scuthuen savonon
zinees Han, n the cther hond, is loe~ted in the dricr su-

dan savVaL Nl 2 NEe

Surveys fer 1 ptispiresis ¢ nducted in the suhelinn

zene hove indicated the proscnce of L. austriolis and L,

e —

butembe in £thi piz, and L. cynciteri and L. pyrogenes in
Bencpel (Von Riel et 2l., 19715 heeh gt nl., 1975). Since

cyncpteri and butembe belen te the sercgrcup Cynopteri,

the pres.nt study confirmed the prescnce of Lo pyropencs
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infeetirn in swine ~nd iu ~dditirn, in’icated thnt L.

canicoly »nd Lo icturchomerrhapice infeetion nre present

ond th .t L. poemcna nnd Le grippetyphesa infoeetirns re nct
28 coerm n 2 th t «f the abive three scerctypes. The find-
inze als¢ indicate th-t swine leptispirosis may be a public
health preblem in Ficeria especiclly in the more humid re-

gicnsa

This investirntion is continuing ond it is plonned t
extend the survey int. the meyre humid pouthern zonocs of

Nieccrpin ~nd 10 ecmbine it with iscl. .ticn studice,

SCMhARY

A tetod o f 105 pip serc was tosted frr lo tespirocin
by the mierescepic opslutinaticn teat nd 46.7 per cent
were pesitive. The female: molde ratio ¢of rexctors was
2:1e The iuntespira serctypes in decreasing incidence

were:  dct.rohemcrrbngiac (37.1%), pyrcgencs (24.87),

canic: 1z (19.07)), pomcna (2.0%) and gripp typhcsc (1.9).

This prcliminiry curvey c-nfirmed the prescnce of leptospi-

rceis in pirs in Nigeria.
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Fige 1 Incidence of Leptospira scrotypes in pigs in
Kaduna and Kanc stotes of Nigerin.
(Gp = grippctyphousz; Ie = icturchemorrhagiae;
Ca = canigola; ~nd ly = pyr-gercsl.
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PART VI

BACTERICLOGIC SURVEY
FOR LEFTOSI IROS1S
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INTRODUCTION - .

-~ The leptuspiral serotype distribution lists coempiled
by Sulzer (1975) indicates that leptospira scrotypes have
been isolnted in only five Africon countries. In Tunisia,

Leptcespira ilcterchemorrhnciage has beoen isolated from Rattus

norvegicus {(Bakos and Cladli, 1966). In Egypt, L. ganicola
was isolated from a dop (Marconpot ¢t al., 1971). Extensive
survey of wildlife and domestic arimals as potential reser-
voirs of leptospirosis in Kenya and Upganda was undertaken
by Ball (1966) and Krauendonk et al. (1969), and resulted

in isclaticn of L. icterchemorrhagiac, L. canicola, L.

pyrcgenes, L. autumnalis, L. australis, L. hebdomadis, L.

bataviae and L. tarassovi. Baylet and Van Ricl (1971) and

Joyce~Clarke and Michaelis (1968) isolated L. icterohemorr-

kagiz¢ in Senepgal and in South Africa, respectively.

To the above list must be added that of pioncer lepto-
spirologist Van Riel and his asscciates (1946, 1953, 1954,
1956} who isclated many leptospira scrotypes including the

following serotypes which arc now reference strains: L.
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nweplo, Lo ndambari ~nd L. ndawbukuje in jcterchemorrhagiae

serogroun, L. bafani and L. kamituga in the caniccla grouyp,
L. butenbe in the cynopteri group, L. julcs, L. nona, L.
kambale and L. kabursz in the hebdemadis greup, and L. kisuba

in the tarasscvi group.

While serological survéys have found fhat 1ept§;pirosi§
exists in all African countrics wherce they have boen under-
taken, few enidemiologic surveys have beeon done so far. The
findings of the abvove authors attoest teo the fact that there

is still much to learn about leptospirosis in Africa.
Reported here is a study of potentinl reservoir hosts
of leptospirosis in Nigeria.
MATERIALS AND METHODS

Rodents

Brown ficld rats (Arvicanthus niloticus1} gurbils

{Gerbillus spp.), hedmehoegs (Atelerix albiventris), whitc-

e

1. Identified by Mrs. bary Dyer, Departoent of
Binlegical Seciences, Ahmadu Bello University,
Zaria. .
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tailed rats (Cricetomys pambiarus), and house mico (Mug

musculus) werc caught aroun: the premiscs of Ahmadu Belloe
University from November 197% to December 1976. This arna.i%'ﬂ
included the brush around the student hestels and along the

Kubani river, the Kubani dam site, the NAPRIE research station

ot Shika, and University ferm lake.

The rodents werce brought to the laboratory, anaesthetized
and bled aseptically by cardiac puncture with a 2 ml syringe
and 21 gauge neudch. Sera were separated after clotting . -

and stored at —ZOOC until tested.

Cultural proccdures
After bleeding, the rcodents were sacrified and a kidney

was removed ase¢ptical ly and squashed through a 2 ml syringe

intc 5 ml phosphate buffered saline (FBS). From this suspen- &

sicn, 0.5 ml was incculated inte 5 ml of Ellinghausen-
McCullough mediuwm (EM) containing 400 meg/ml of S-Fluoru-

radil. From this diluted medium, 0.% ml was removed ohd

2. HNatiecnal Animal lrgduction Research Institute.

3« Terumc Corporation Tokeye, Jdapan.
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inoculated into a scecnd tube of 5 ml EM medium.

The original +BS suspension was examined immediately
after blecding and sacrifice. Cultures were stored at

28 - 30°C in an incubatcrh and examined fer 45 days.

Cattle
Kidneys were obtained frem apparently healthy cattle
after slaughter at Zaria and Kano abattoirs during Janucry

to April 1977.

Individunl kidneys were collected in a sterile 400 ml
beaker covered with aluminium feil. The kidneys were taken
to the laboratory and processcd within throe hours of
collection. DBach kidney was cultured by removing the peri-
renal fat, sterilising the surface with a red hot spatula,
aseptically peeling cff the capsule, and by removing a
1x 1 x 1 cem section with sterile scissors and placing it
in storile petri dish containing 5 ml of FBS. The kidney

section was minced uging sterile scissors and forceps,

4., Gallcnkamp, Essex, England.
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allowed tu.pcttle and 0.5 ml of the suspensicn was ino=
culated intce 5 ml of Bl medium, and 0,5 ml of thie
diluticn war incculated into ancther tube of 5 ml of EM
medium. The cultures and original kidney supernatant were

then trcated the same as tie rodent kidneys.

Scwage Effluent

Sewape effluent from the Kano NLMA® piggery ~nd pig
abottoris werc collected five times frem July tco September,
1976. Sewage efflucnt from the piggery wos taken from 42
stations, including breeding poens, farrowing pens, fattening

rens, boars pens, acr well as main drainage lincse

At the Kaduna abattoirs sewage was taken from five
stations. These were the pool of bloed forming after
slaurhter and then at 10 m intervals along the drainage of

the adjoining vegetabl.. garden.

Specimen of scwage werc filtered through No. 2 Whatman
filter paper ond 2 ml added to 2 to 3 ml double strength EM
mediume Thic tubes were incubated at 28 - 3000 for 45 days

and examircd at weekly intervals.

S5« Nigerien Livestock and Mcat Authority.
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Identificaticn of Cultures

When growth occurred in any culture, multiple EM tubes
were inoculated :nd one wes sent to the WHC/FAO Leptospirusis
Reference lLaboratory in londen for storage and confirmations.
The other tubcs were kept for identification using Difco?
antisera by the mcthed described by Turner (1968). The
cultures werec sereened acainst 16 available Difco antisera

and thcn tested against diluticns of those with positive

reactions.

RESULTS

KA total eof 252 rodents were trapped and cxamined for
leptospiresis; 221 brown ficld rats (A. niloticus), 13
white-tailed rats (C. gambianus), 5 house mice (i. musculus),
11 gerbils (Gerbillus epp.), and 2 hedgehogs (Atelerix
albiventris). The rcsults are given in Tables 1 - 5. Field

rats cnly were positive (L.5%).

6. Courtesy, Dr. L. H. Turner, Director.

7. Difco Laboratories, Detrcit, Michigan, U.S.A.
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Titers were abtained ngainst E, icterohemorrhagiae,
L. hardjo, L. tarassovi and L. australis. Except for

L. icterchemorrhagiane, the titers were 1/100 or more. All

positive sera reacted against a single serotype with one

exception (Table 3).

Bight isclates were obtained from field rats; five
L. australis, onc L. ballum and the others were not identi-

fied (Table L),

Cf 74 cattle kidneys, 49 were obtanined from Zaria
shbattoirs and 25 from Kanoc. Five isolates werce made and
one wés identified as L. pyrogencs. Three isolates reacted

against antiserum to serotypes ballum, zustralis, bataviae,

canicols and icterohemorrhagiose.  The fifth cattle isolate

did not react against any of the 16 commercial antisera

employed {(Table 5). - S - “"fé'.f

No leptospira were isolated from the sewage effluents . °

eollected at Kano and Kaduna.

DISCUSSICON
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Galton et al., (1962) recommended incculoting multiple
tubes with differcnt typcs of media to insure cptimal
recovery of leptospira. Accordingly, most investigotors
inoculate twe or three types of media. In this survey it
was materially not possible to incculate more than twe tubes
of medium 2and only EFllinghausen-kcCullcugh's modium was used.
It was found vasy to prepare and convenicnt and it eliminated
the nced for an animal coleny. Myers and Jelambi (1975)
reported making all their isolaticns of L. hardjo from
cattle on % medium. They alsc found nc growth occurr.d in

Fletcher's medium,

Culturcs were kept for 45 days and discarded. 1t wne
found thnt whether leptospira were scen under darkfield
examinntion of kidney suspension or not, examination of
cultures during the first two woeeks of incubation was impera-
tive for recovery of any leptcespira. The risk of contamination
and overgrowth by funpgi or cther bacteria increased greatly
after thce secend wecks Thig may be one reason why the throe

isolatcs werc lost.

Serum titrations were not carried beycnd 1/1600. Where

b+ reacturs werce recorded it was assumed that the endpoint
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was beyond this dilution. However, readings of 2+ (50% of

leptospira agrlutinated) were considercd endpoint readings.

The results indicate that all positive rats had been
infected sincce they 2ll but cne rercted against a single
antigen. Titcrs of 1/1600 werc recorded against L. tarassovi
and L. hardjo had titers of 1/100. Even though L. tarassovi
and L. hardjo were nct isolated, the titers rocorded suggest
that they will be isclated from animel specics in the future.

The reactions of L. icterchemorrhagiae indicate a possible

minor role of this serotype 2s attested by the serclogical
results of cattle in Zariz (Fart II). Two of the rodents
that yiclded positive cultures had antibody titer. All
cthers were negative. It is known that animal species can
be carriers and scronegotive snd vice versa. The low rate
of secroreactors and low isolation rates suggest thc pocsibie
lity of low grade infection c¢f short duration in a suscep=

tible animal populsticn,

Contrary to the rodent population, cattle around Zaria

had antibody titers against L. grippotyphosa, L. tarassovi

and L. pyrogenes. Serotypes hardjo, hebdomadis and pemona
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were found exclusively in slaughter cattle. The isclation
of L. pyrogenes prevides cvidence of the public health
significance of cattle in Kaduna state,

[~

So far isclation of L. pyrogenes from bovine species
has only been reported in South-Bast Asia in water buffaloes
(Bzatclowicz et-al., 1969) and in Peru (Sulzer, 1975).
Other isolotions have been limited to man, dogs, rodents and
pigs. It is also significant that L. pyrogenes antibodies
accounted for 25 per cent of the human seroreactors and

24 per cent of the swine seroreactors in Kaduna state

(FPart 111 and V).

L. australis and L. ballum werc recovercd from field
rats (A. piloticus) and none of the other rodents surveyed.
This rodent hac been found to be a carrier for L. icterohcmorr-
hagiae in Bgypt (McGuirc and Myers, 1957). 1In Kenya and
Uganda, Ball (1966) failed to isolatc any leptospira from
the kidney cultures of 26 A. niloticus rats. It is signi=-
ficant that this is the first time L. australis and L. ballum
have been repcerted in thie specive in Africa. The inter-
acticn of this species with cthur rodents in this region is

apparent although they were found negative for leptospirosis
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by scrology and culture. The latter ﬁay be duc to the small

number sampled. . B . e ‘%N -

Mus musculus has been found te carry L. icterchemorr-

hagiac, L. ballum, and L. djatzi (Alexander, 1960; Noguchi,

1917). The ficld mouse Apodermus sylvaticus is also commen

in this area but none were caught. 1. ballum 2nd L. grippo-

I

typhosa have been isclated from this epecies (Fraya de

Agevedo and Falmeira, 1961). .
. o
S P

'R

Rats, Rattus norvegicus and R. rattus, are established

carriers of L. icterchemorrhagiase and L. canicola (Inada gt

al., 1916; Brown and Gorman, 1960; Roth et al., 1967a;

Rademan et al., 1964},

——

The whitc-tailed rat (Cr. pambianus) has only recently

been found to be a carrizr of L. icterchemorrhariae in

Senegal {(Baylet and Van Riel, 1971).

The epidemiologic importance ¢f hedgeheygs and gerbila
has been shown by Borg-fetersen (1962) and Van der Hoeden

and Shenberg (1962},

Man as well as animals is affected by the three scro=
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types recovered. Sugar cane cultivation and small scale
irrigation are important frnrming practices in the alluvial
valleys of Kaduna statc and hence potential public health

hazards for human leptospirosis.

In Australia Johnegon (1950) has ussociated L. -ustralis
with infcctions occurring in cane fields, L. ballum causcs
anicteric non-fatal type illneces in man (Borst, 1948).

L. pyrogenes infections arc also known tc cause non-fatal
anicteric illness with cenjunctival congestion and somctime
meningitise Workers in ricc and sugar cane fields arc reported

to be infectecd with thig scrotype.

Ir. Africa, Mailloux and Xolochinc=Erbert (1961) reported
two cases ¢f L. australis infecticn in lointe Necirc. The
paticnts had antibody titers of 1/100,000 and ne isolation

was madc,

Racovery of L. bollum #nd L. australis frem rodents and
the high frecqucncy of L. custralis antibodies in cattle,
further points to the cpidemicloric importance of rcdente =nd
the promiscuous cecclogical relationship between rodent

carriers and cattle grazing over the northern savanna zones.
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This also sugpests that in future L. ballum be part of any
screening battery for leptospirosis in man and animals in
Nigcria. This wns the first epidemioclogic survey under-
taken and it is a prclimincry to a larger investigation

especinlly in the more moist savanna zones of Nigeria,

SUMMARY

A total of 252 rcodents were trapped in the environs
of Ahmadu Boilo Upiversity, 2Zaria, cver a two-year jperiod:
221 brown field rots (A. nilcticus), 13 white-tailed rats
(Cr. zambicnus), 5 house mice (M. musculus), 11 gerbils

(Gerbillus spp-.), and 2 hedgehops (Atelerix g&pivuntris).

Field rats «nly were found positive (4.5%). Titers were

detected ~gainst L. australis, L. ictcerchemorrhapgine, L.

tarassovi, and L. hardjc. All positive sera c¢xcept one
reacted apgainst a single scrotype. Eipht isclates werec
cbtained from field rats; 5 L. 2ustralis, 1 L. balium, ond

2 unidentificd.

Five isolatcs were rccovered from bevine kidneys; 1

L. pyrogenes and 4 unidentified. Onc unidentified isolnte
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failed to rcact with any of the 16 screening leptospira

antisera nnd ~nother was considercd tentatively to be L.

ballum.

Ne leptospira wore isclzated from the sewage efflucnts

collected at Kanc and Kaduna.
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TABLE 1: Rcdent Speciuvs Trapped in Zariz ond
Tested for Leptespirosis (Nov. 1974 -
Dece. 1976).

Species Total Sampled Tctnl Fesitive
Serclogy Culture

A. niloticus 221 10 2
Cr. gambianus 13 - -
Mug musculus > - -
Gerbils 11 - -
Hedgehogs P - -

Total 252 10(3.9%) 0(3.2%)
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TABLE 2: Rodents Sampled in Zarie from
Ncvember 1974 to December 1976.

Fositive

Year Month N Serclogy Culture
1974 Nevember 2 - -
Doecember 2 - -
1975 Janusry 34 - -
February 31 1 -
March ] - -
April 10 - -
May 16 - -
June 24 - -
July ~ - -
August 26 1 -
September 17 3 3
October 20 5 b
November b - -
December - - -
1976  January (1 - -
February 7 -
Morech 14 - -
April - - -
May 1 - -
June - - -
July 5 - -
August - - -
September 1 - -
- Oetober - - -
November 15 - -
Deeember [ - 1

Totel 252 10 8
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TABLE 3: Antibody idter of Brown Ficld Rats (A.
nilcticuc) Trapped in Zoria and Testecd
Ag~inst Ten Leptospirn Serotypes.

Redent Antibedy Titer

Noa Sex ictero hardjc Rarasecvi australis
WR 59 M - 100 - i
WR 128 F - - 1600+ -
WR 148 F - - - 1600+
WR 158 M - - - 1600+
WR 161 ¥ - - - 1600+
WR 163 M - - - 1600+
WR 169 M 20 - - -
WR 174 F 20 - - -
WR 175 F 20 - - 100
WR 176 F 20 - -~ =
icterc = icterohemorrhagiae
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PART VII .

PUBLIC HEALTH SIGNIFICANCE QF
LELTOSI TROSIS IN RORTHERN NIGERIA:
GENERAL DISCUSSION
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The prcblems encountcered in surveys of this type in o
develc ping country arce complex znd can be summarized intc
three main groups: organizaticn, cemmunication, and execu-

ticns

It was planned 5 t¢ 10 herds t. be sampled in cach
locality. This wculd hove nllowed ecllecticn of over 6,000
scra but cnly 4,940 werc ccllected, and 93.4 per cent arrived
at the labcratery. The sampling prrcedurcs were predceter-
mined s¢ s to 2llow fer tracing back herds nnd cwners at o
later date for menitoring and determining exaet incidence
and prcevalence rates. Orgonigation was alsc complicated by
the time factor. An ideal sampling would be when all species
werce present in sufficicnt numbers in an area at the time of
c:llections Hence,; the plan was to start in th ncrth ond
proceed scuthwards until the beginning ¢f the roains, when the
numadic Fulbe cnttle rearers wruld be miprating back north-
woerds. For thot purpusc, sampling was started in July, 1974
and went in full scale during the perind of Decembur, 1975 to

July, 19?6-

In Hiperia mcthods of rearing cattle differ from those
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of goats, sheccp, and drnkeye or hcrses, The cattle arc driven
to grazing oreas nnd migr .te during the dry scas'n (December
t¢ May) frem the Sudan sivanna zonc threuph the nerthern
Guinea savanna zone to the more humid scuthorn savanna zone.
Shiuep and goats arc usually kept in =2nd arcund the living
cempounds, They fecd on small vegetation lenves and act

more like seavengers. Donkceys nre henvily utilized during

the pre-rainy scascn and at the time of harvest they are uscd
mainly fer corrying loads. During the rest ¢f the year, the

donkeys are left tc themselves.

This mcans that drnkeys, gonts ond sheep are mere ex-
pesed to humons thin cattle and herscsy cwnership of the
latter twe is wore restricted. Whercae <ne could plan on
herds of cnttle, sheep and goats were usually sampled in
small groups of three to five per comprund and one denkey
per hcuschcld. Sampling proccdures had, therefore, to be
carcfully pleénned to c¢btnin at least a "meaningful® number

for ¢ach village or town.

During the survey, mcre than 30,000 km were covered.
As the aree surveyed was cxtremely vast, it was nct pessible

to be away in the bush for more than 2 weck at a time.



167

Communication and cxecuticn are twe related factors
under ‘the survey conditicns. Metheds of renring and koep=-
ing vt onimols in Niperia differ from most countrics. The
Fulbe hoerdsman is attached to his cattle and is reluctant
t. have any blocd drawn from his animals. While letters
addresscd tc authorities made them awarc of the work being
eonducted, it 4id nct neccessnrily ccnvince herdsmen why
bloed shculd be ecllected. This simple foct explains a
number of discrepancies in cclleetion technique and
number c<f samples cbtaincd. These facters were beyond cur

control.

It is well~known that rescrveir hosts of most impore-
tant zouoncses arc varicus specics of domestic and wild
vertebrate ~nimels (Schwabe, 1969). Infeetion in thesc
gpucics can cecur independently of man, Human involvement
usually cccurs through ceccupational cxpesurce Leptospi-
regie figurcs as cne of the diseases principally necquired
through agricultural ond agriculturally-rclated cccupations

(Ani\n -y 1 962 )I.

The potential for beceming infected with leptespira
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crpnniems ae a rogelt of cthor aetivitivs, however, is

b .in- incr.csin-ly rocognized (Gedistficld, 1975). In

the Unitod Statee, durins 1971 - 1973, cutbrinks «f
leptrepir sie not connctod with ceccupsaticnal cxposur.
wore rojc rtoeds In Toxes, an cutbresk cccurr.d in children
whe hod ployed with infuctod doms in poclds of water oftor
heavy roin (Barkin wnd Gloosor, 1973). In hiesoyri, in-
feete” @ s woere found shoedding leptespira in thoeir urine
vven thourh they hoad boeen vaccinnted fordoeptosnir sis
(Feirin ¢t al., 1973)e In Creg b, on cutbriok was atirie

buted t« ¢:ntact with urine « £ infictu? coattlce.

In the .pidowiclory of humen loptespiresis in northorn
Nirnvric it 3¢ mere difficult t. doefin. cccupnticnal disconc
ar the populati. v is predeminantly fornine (9020).  Bwven
thcuth cecupaticeal  roups 2nd cpgriculturel c:mmunitics
arc hizh risk entitice, the dincidienec «f 1. ptespirvsis
car tuly be doturmined by investipgoticre Turncr (1967)
stcted thoet it ids no 1 nier zévisable T asesum. thot lertiw
spircsis Jv.f p-t xiet bucnruse the co=collud ‘classical
symptome® ore unknown in a particular country. scec rdinsly,

surclisical investi-nti:ne coan b e nducted in livest. ck
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ang buman populaticns e dotermine ineidunce and provaloiico
ratee for loeptesypircgise. The reculte indicnte prosonce or

cbeence . loeptoppircgis in 2 populaticon in a giyen arcre

Cinditicng fuverable for waintazining ~nd spreading
leptospiresis «xist in Niccrizne The practice « f dipging
corth for e-netructi.n reeulte in large craturs «n the
cutskirte « f villa, cs and towns. Thoesc open tronches
cventually onlarge rith sltoeenating dey and wot scasons,
boe me year round peclds of stognant water, which gorve s
wash arens - nd svurces of wator fir drmestic animals. I
the bush thuse (ocle arc part «f the landscope ~“nd arc

catoblished for providin- wot r for cattle during the dry

s.asen «nd arc als utilizod by wildlifc.

This surtlioprical survey identificd three meoin anivel
proups as ;o tontial rescrveirs fer leptuspircsis nd thepo-
fore f yublic h.o2lth ispertapec in Migeria:  (2) cattle,
dogs and rota; (b) @« nkuvys, hirsce and swincy =nd (c)
sheep and ootse The jurecntape incidonce rate for loptoe

epirceis for coch specice is shewn in Fis. 1.

Cattle, dips and rots have wxtunsive human c:ntoct
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and they arc kn.wn enrrivrs of leptospirce The dogs are
acturlly the moet inportant s urce «f heme acquired lopt.o-
spirceis . xcupt when the sres is infocted with rats (Moyer,
1964} 1liv fore ~nimals, pire ond enttle are commen scurcusn
of leptempircgise Duygs in Zarin and Jos hnd hi h titoer

ser logical roeaeticong which suggested nctually inTeeti n.

Igi lati-n of L. pyrogence cnd 1. ballum from enttle

and Le nustrnlis avd L. ballum from rodents inddieates thc
public h. 2l1lth impertonee o f thoee animals in Niperin.
Scrercactic s to thes. sane serotypes were found €0 be pro=
valent in spimal sreecics cricinatin; frem dnrin, This ols
adds t. th. c¢pidemiclesy ¢ f leptespirosis in thot it re-
presentn the first isclaticn of L. pyroponcs from cattle

in afpica and probably the first isclnti-n of australis
and L. bollum frem Arvicanthus spne L. ballum ic o soer byue
recognized to infiet ficld wice and is known t« be pathe renie
te man (Borst, 1948). The recivery  f this scrotype from a

bevine kidney indicates » relotionship botween cottle and

r-.dent Bpecics.

Althouch swine, horsce and donkeys have hih titer

rcacticns, this yroup's rele 08 o publie henlth hazord is
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limitud, Swince rearing ie restrictud to twe lar;: govirne
ment pi, corice. They are traditiconally rearcd only in the
ecuth.rn part of hadunn stat. where cne alsc finds recciions
to the same gurctypes in man and o thor livest:ck, Bxposure
¢f horsce ie limited and donkoeye have » lew incidence o f

leptergniral ontibidics.

Shew o nn? geate arc carable of transwitting leptisii-
rogis, but the liw incidonee feund in this survey sugsoste
they nlay o mincr rele in the cpicdeminlesy « f human infeetii n
in Nigcerine C.ontinu-tion o f the survey in cinjuncticn with
isclsativn ottewpte from abattoir samples could pre bably yicld

mre d.ofinite rorcults,

Regvlte  btnincd are ei nificantly loewer then thoec
vietained by the toas of students from the Roynl Veterinogy
Celleey Line n, (Turncr ot al., 1975) whe found 6849 per
cent prevalence o f leptoespira reactors in scmi-ncnodie
cattle herdase This can be accounted frr by the fact that the
survey was ~lways discontinued during the heavy rains ond was
ccnecentroted ariund Zoria which is mor. nccesible, whereas
Turncr's team colleeted thedir dote during the menth < £ duly

and Au;ust, 1975, They 2lsc noted o sienificant difference
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between permancnt covernnont farme nd the sumi-nomadie
herds, which they ascribed t¢ mon Jement practices. %The
same can be s2id of the nemadic hords sampled in the presont
purveyYe Cottle arc driven throush grazing rescrves ond

¢ ntinuc their journcys north «r south dependins on the

time . f the yeare They were not concentrated in particular
arces cxcult in the nipht .nclosures where thoy arce ticd

in pairs. These cawp situs ore important during the rainy
scac n when they beecome muddy quagnires thoy are approxi-

rately 10 cm deepe

An exaninnticr - f incidinee in different stotes inciecates
that ccorgrophical resions within Ndeeria are impertant in
the distributicn «f lojtespiresis. Incidence varicd fron 4.7
rer ceint in hane state 40 15.7 per ecnt in Niger state. ALl
nine roer ty,ws were frund to cccur in man and livestock,
Surveys conducted in other Afpicar countrics in the aame
Intituce revealed the sone ser types (Vap Riel et 2le., 19713
bhizidi, 1975; Fuech et nley 1975)e  Further, wherc larse
¢nougsh samplos were cbtained the incidenee was high in
tlateen ond Xeduna statesy whercae it was low in the mrore

nerthern dricr stotees of Brrene and Lokotes Finaldly, more
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Berotyoses were found in states like Niper, Floteaw and the
svuthorn part ¢ £ hoduna state, 2ll appr-ximately in the

same lotitude.

lncidence in humar porulativcn was about the same as
in cattles There ie no decubt that leptespirceis is ulor-
diag covd in i oria, first becouse mest cliniciapms did not
suspect it, sceondly, beeause rest laheratorics are ill-
cquipped to diacnonc leptespiresis. The roesults describod
here privide infornnticon o T value te public health -nd
clinical medicine in the arcas surveycd. They cmphasize
that lopt spircsis sheuld be considered in the difforontial
diagn - sis « f F.U«l., hepatitis and of suspicted viral infuc=-

ticns of the cuntral nervous systom.

In o seriloepic survey « f v terinariane in Nipqcria for
bruccllosis, lcptospirosis :nd . fover, two (7.7%) were
pesitive for leptospircsis (Ayiver et al., 1975). This ro-

rregented ovidence of infoetion in twe recunt oraduntue in a

hirh risk cccupaticn for loeptespirceis and cther z0 nosose

It is conzluded from this study that lept o snirusis is

present in the cight northern statis of Nipcria and that
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rodente, c~ttle and doge ore the principal carricrs ond ore

petuntial public health hazards.

It ie crnsidercd that centinucue monitoring for lepto-
spirusis tver a period of years will be necded, and will
permit isclaticn ond ddentificaticn of the scrotypes presunt
in Niceriae aAlcng this ling the fillowing werk has been

planned:

1e An ¢pideniclesic investigation of loptoegpirceis
in the covirens of Zaria igvolving; doge, rcdents,

1

and small rumin-nts.

2e Uintinue isolaticn studics of sovope efflucnts from

1senl slouphter cetabliehmonts.

3. Investijate the poseidble rolo of lentiepirosis
hcwatitis in F.U.G. and ascptic menin itis ot

ahaadu Billo Unpiversity Torching Hespital.

b, Antiyonic onnlyeis «f iselatod scrotyrese
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APPENDIX 1

Maps of Nigeria
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APPENDIX 2

Provisional List of Leptospira Serotypes
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Provisional list of leptcspira serotypes adapted

from Turner (1976).

Te Icterohemorrhagiae Serogroup

icterchemorrhagiae sarmin
copenhageni birkini
mankarso smithi
naam ndambari
nwogolo ndahambukuje
dakota budapest

2. Canicola Serogroup
canicola sumneri
bafani brocmi
kamituga bind jei
jonsis schuecffneri

3. PEyrogenes Serogroup
pyrogenas biggis
zanoni hamptoni
myocastoris alexi
abramis roblingoni

weaveri
hualien
gem
monymusk
tonkini

bog-vere

benjamin
malaya
portland-vere

galteni

manilae
camlo
varela

guaratuba



pomona
kennewicki

mon jakov

De
grippotyphosa

valbuzzi

G
hebdomadis
non:.
kambale
kremastos
worsfoldi
jules
maru
borincana
kabura

mini

b,

Grippotyphosa Serogroup

FPomona Serogroup

mozdck
tropica

proechimys

ratnapura

vanderhoedeni

Hebdomadis Serogroup

szwad jizak
georgia
peraneles
hard jo
recreo
medanesis
wolffi
trinidad
sc jroe

balecanien

214

dania

tsarateovo

rattus

polonica
saxkoebing
haemolytica
recardi
gecyaweera
guaricurus
ZOrgas

beye
tabaquite

goiano

N.B. nerc is now considered to be identicnl with saxkoebing
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7 Tarassovi Serogroup

tarassovi atachafalaya tunis
bakeri chagres langati
atlantae gatuni kaup
guidae cectane vughia
kisuba darien moldaviae
bravo viovuous

8. Panama Serogrouj

panamna c¢risteobali

G Australis Serogroup

australis bratislava pina

lora fugis nicaragun

muenchen bangkok hawain .

jalna peruviana wewak (?)
10. Javanica Serogroup

javanica cexi anhea

poi sofia waskurin (?)

sorex=-jalna ceylonica



antumnalis
rachmati
fort-bragg
sumatrana
bulgzarica

bangkinang

cynopteri

bataviae
paid jan
djatzi

kobbe

ballum

shermani

1. Autumnalis Sercgroup
orinacei-auriti
mooris
sentot
leuisinna
orleans

djasiman

124 Cyncptei Serogroup

canalzonae

13a Batavine Serogreup
balboa
claytoni
brasiliensis

argertiniensis

1%« Ballum Serovgroup

cnstellonis

15. Shermani Serogroup

216

gurungi
weerasinghe
alice

lankn

srebana

butembe (%)

bilorussine

habaki

arboreae
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16+  Ranarum Serogrcup*

ranarum cvansi

17. Bufonis Scrogreup®

carlos

*Two now projposed B:rogroups
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AFFENDIX 3

Serclopic Survey for Leptospirosis
Tables 1 = 15
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Lepteepiresis is o disease aff.cting man and animals
and is a mcjor zooncsie. It is primarily an cccupational
digease «f livestock cwners ond attendants, veterinarians,
slaughtermen, scwage workers and others cngaged in relatod
activitice, The eoticlopic acent is » spirechute cof the genus
leptespira, tentatively speciated inte twe complexest ) raw-

sitic (interrcgens) and sapr phytic (biflexa). The interro-

rans ccmplex hae more than 140 serctypes divided inte 18
scrogrouvs. Although leptespirosie aprears to be worldwide,
knowledge «f its seographical dietribution is incomplete, Yhe
present study wos undertaken to investisgnte the public health
significonce «f lepteoepiresis in cvight nerthoern states of
Nigeria by a scrovlopical survey ¢ f livestcek and man and o

bactericloricnl survey of potential rescrvoirs,

4,613 scra wes colleeted and tosted for loptospiral

antibcdics tc scrotypoe zripp typhesa, icterchemeorrhaging,

e

hardjc, hebdomadis, pem na, canicola, pyreenes, tarasscvi

— e e - PR - [ N Y

and auetralis by the wiercscopic ngrlutination tcechniquce

In o tctal of 2,852 sern toested in livestock, the



incidence ratee for the cipht states in decreasing order
were:  Niger (13.0%), haduna (8.7, Kane (8.0%), Bernc
(7+3%), ilateon (6.47), Genpeln (5.79), Sckoto (4,4%) and
Bauehi (3.00°). Th. coverall spccivs incidence rotus were:
horsce (24.7%), cattlc (11.9%), denkeys (6,177), shecp
(1.09), ond scats (1,1%). A1l ninc serctypce were found in
cattlc, horscs ond denkeys, and in sheep (gripp: typhosa,

he bdemadis, pomona, pyrogenes, and tornssovi) eand zeats

(yxrorcnugJ icterchemorrhapice and conicclala

Twonty-six (9.2¢) of 286 degs frem Laria ond Jous werc
jegitive for cne to throoe serctypes; 61.5 per cent had titers
of 1/100 cr mcrce L. conicela and L. ieterchemerrhagiose
were the proedominant sercotype with 5.7 and 4.3 per cent
inciderce, respectively., Twe dors reacted with L. _yrojencs
and ¢no with L. australis. There was ne difference in the
leptesriresis ineidence in the canine pepulation o f Zaria

and Jos,.

A tectal of 1,374 hum~n scra cellected from hespitals
were tested for leptospiral antibodics te the nine serctynes

and bifloxa vetee 1 durding 1575 - 76.  The ineidence ratus

fer the cisht states in decreasing order werce: llatcaw



3

(31.8%), Bauchi (16.7%), Gene<la (19.5%), Koduna (9.49%),
Sckoto (5.1%), Kerc (4.5%), Nircr (3.0%) and Borne (nidl)d.
Antibcdics t+ 21l tun serotypee were detected in llnteau
and Keduna states cnly. Serctypes werc detected in the
fcellowinge ducreasing frequoncy: biflcxa 52, ictervheuorre

hogiae 33, bebdemadis 20, pyrogencs 27, poemona 2%, hardie 20,

e

taragsovi 19, gripretyphesa 17, ecancicla O, nod austrnlis 3.

2MEY
Therc was +n age but no s.x diffeence among the serorcact. rag
adults 77.06 per cent incidunce rate, aped 4.6 per cent, and

children (<40 ycars) 0.7 percent.

In 2 tw -ycar period 221 brown ficld rats (A. niloticus),
13 whitu=tailed rats (Cr. pambianus), five housc nice (g

musculus), 11 gerbils (@ertillus spp.) and 2 hedgehoge

ventris) were trapped and e¢xamined for lepfoe

- . . ———

spirosis. Iield rats cnly werc found positive (L.5%).
Titers were deteeted agninst L. ocustralis, L. ictor hemorpe
hagaic, 1. tarzes.vi and L. hardjoe All yprsitive scra
reacted oppainst 2 sinsle serctyjpe. bipht isclates were
cbtained from ficld rate; 5 L. australis, 1 L. ballum ond

twe unidoentified.

Five isolates woere recovercd from bovine kidneys, 4



L. pyrogences and four unidentified. COne unidentificd iscw
late fziled tc react with any of the 16 seruening leptospira
antigera and ancther whe considercd tentatively to be L.

ballum.

fie leptospira vwere isclated from scwnage effluents

collected 2t Kkanc and haduna,

It is coneluded frcm thic study that leptospirosis is
present in the ciht northern states of Nipgeria and thot
rodents, cattle and dogss arc prineipal ecarricrs and arc

potential public hiealth hazards.



