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ABSTRACT

The incidence and densities of Legionella species in 663 water samples from both
potable and raw water sources in the Northern States of Nigeria were determined by the
direct immunofluorescence antibody (DFA) method and, buffered charcoa yeast-extract
(BCYE) culture confirmation. Polyvalent pool conjugates reactions detected Legionella -
like cells in virtuadly al potable water samples. Using serospecific antisera the presence of
each species and serogroup was highlighted. Of the fird sx serogroups of A. pneumophila,
serogroup 1 was the most predominant; it was detected in every sample. Serogroup 3 was
second in predominance, 87.5% of the water samples exhibited fluorescing cells of
Legionella morphology. The least detected of the serogroups was serogroup 5; it was
found in only 25% of the samples. Serogroup 6 aso was detected in 42.5% of the samples.
Among the remaining species of Legionella. L. gormanii predominated in 85% of the
samples, followed by L. micdadel (82.5%). L. bozemanii was the least detected of al
Legionella species, only 17.5% of the water samples showed cells that were consistent with

Legionella morphology.

Detection rates was highest in public and private tap water samples (100%). Hotels
water samples comprising mainly of water from air-conditioning cooling systems were 96%
positive whereas hospitals were 94% positive for Legionella - like bacteria. This high
percentage rate dropped for boreholes water samples. Isolation rates were much lower;
public and private tap water samples had culturable legionellae in 20% of the samples.
Hotels water samples had isolatable legionellae in 66.7% of the samples, while hospitals

water samples were 38% positive for legionellae. Boreholes water samples had culturable
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legionellae in 25% of the samples screened, while well water samples were 60% positive for
Legionella spp.

Raw water samples (246) from al the states demonstrated Legionella - like cells at
varying degrees, from 40% in Abuja to 58% in Bauchi State by polyvalent pool conjugate
reaction. Using serospecific antisera, the detection rates increased across dl the states
sampling areas, the lowest detection rate was 61% in Katsina state to 86% in Gongola State.
The interstate variation in relative abundance of Legiomllaceae was less than the
intraspecies variation. Among the speciesin dl the states. L. bozemanii serogroup 1 was the
least detected of dl, only 47% of the samples demonstrated fluorescing cells characteristic of
Legionella morphology. Among the serogroups of L. pneumophila, serogroup 5 was the
least detected (51%). The occurrence of other serogroups or species ranged from 65% to
98% of/,, pneumophila, whereas the other species were 47.1% to 86%. The population

densities, for the most part ranged from 10* to 10° cellgml.

L. pneumophila, the type species, demonstrated the wide spread nature of the firs
gx serogroups in dl the states. However, there was a remarkable intraserotypic as wel as
intrasampling area variation with one or more serotypes predominating in any one given
state. Serogroup 5 and 6 were least detected in most states' sampling areas.

Of the 98% (49 out of 50) positive samples, by immunofluorescence, only 46% (23
samples) were positive by culture. These positive samples comprised of 5 rivers. 11 dams. 3
lakes. 2 creeks, one stream, and one pond. However, there were no culturable legionellae in
water samples from Benue and Gongola States.

This study has demonstrated the wide distribution of legionellae in our environmental
water samples and underscored the need for surveillance and continued monitoring of this
group of pathogenic bacteria especialy in public buildings and hospitals.
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CHAPTER ONE
INTRODUCTION

During the summer of 1976. an outbreak of a disease of an unknown etiology struck
without warmning members of the American Legions who were attending their annual convention
at a hotel in Philadelphia. The occasion was the 58th annual convention held at the Bellevue-
Strafford Hotel in Philadelphia. Pennsylvania, the United States of Amenca (USA)  The
convention held from July 21 through 24. was attended by some 4, 400 delegates. members of
their families and other conventioneers. Drs. Fraser and McDade (1979) reported that berween
July 22 and August 3, 149 of the conventioneers developed what appeared to be the same
puzzling illness, characterised by fever, coughing and pneumonia. It was an unusual e.\'plosi\"e
outbreak of pneumonia with no apparent cause Because most of the attendees had returned to
their respective homes before becoming ill. it was not until August 2 that reports 1o the
Pennsylvania Department of Health made it clear that an epidemic had occurred among those
who had attended the convention  Little did anv one realise that the convention was destined to
be recorded in the (history of the) annals of medicine.  Rightly stressed by Fraser and MceDade.
“that day marked the start of one of the largest and most complex investigations of an epidemic
ever undertaken” Public and scientific attention was focused on the epidemic of pneumonia at
the Pennsylvania American Legion convention. “Legionnaires' disease”. as the illness was
quickly named by the press, was to prove a formidable challenge to epidemiologists and
laboratory investigators alike. Only afier many months of tireless searching was the causative
agent discovered. and more months were to pass before the etiologic agent of the mysterious

disease was charactenzed as a previously unknown bacterium  Meanwhile the” dreaded disease
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had affected a total of 221 people, and 34 of them had died of pneumonia or its complications
(McDade, eral., 1977).

By early January 1977, the eticlogic agent of Legionnaires' disease (LD) had been
isolated by McDade of the Centers for Disease Control (CDC), Atlanta, Georgia (USA), This
Legiomuiires’ disease bacillus (LDB), was unrelated by phenotypic and genetic analysis to any
previously described Families of bacteria. The bacterium was, therefore, placed m a new family,
Legionellaceae, as a new genus, Legionella (named after the Philadelphia victims), and species,
prienmophila, after the predilection of the bacterium for the lung (Brenner ef ail., 1979). Since
this initial epidemic of LD., many outbreaks and sporadic cases have been reported in many parts '
of the world. The CDC, by November 7, 1978, had contirmed 496 sporadic cases and 338 cases
associated with outbreaks of LD in the United States. Cases have also occurred in almost all the
States in the US, and in many countries, including Canada. Scotland. England, Wales. the
Netherlands, Sweden, Denmark, Spain, Italy, Israel, France, Germany and Australia (Mever er
al., 1980).

Since the 1976 outbreak in Philadelphia, health authorities in developed countries have
been aware of Legionnaires’ disease. In England and Wales in 1984, 151 cases were recorded. of
which 15 proved fatal. Most of these were isolated cases or minor ouibreaks. However. the
worst outbreak was yet to come. A town of less than 60,000 inhabitants. Stafford in England
was to achieve notoriety as the home of the world's worst recorded outbreak of LD, {Sherwood.
1985), while Strafford Hotel, Philadelphia in America remains of equal notoriety as the birth
place of the world's first recorded major outbreak of Legionnaires' disease. The Stafford
outbreak struck only the patients who had come to the hospital on a day visit basis.

Consequently, the out patients took the disease home with them, and thus there was no evidence



of an outbreak in the hospital itself  Afier an intensive investigation. the Stafford District
Hospital, a modern showplace among British hospitals was implicated as the source of the
outbreak which claimed 39 lives. and possibly 46. with a total of 163 cases. (Sherwood. 1985)

In these two major outbreaks of Legionnaires' disease. Philadelphia 1976 and Stafford
1985, and in subsequent outbreaks and sporadic cases, in many parts of the world. air-
conditioning cooling systems and potable water supply have been implicated and proven as
sources of outbreaks and cause of the disease (Fraser er al . 1977, Sherwood. 1985. Fox. 1985.
Garbe et af ., 1985 Shands e af . 1985, Fraser. 1985, Addis er af . 1989, Watson and O"™Mahony.
1990)

In the African continent however. the bacterium and the disease it causes have rar:'-:-l_\'
been mentioned. In Southern Africa where a Legionellosis Research Laboratory was established
in 1979, Mauft and Koombhof (1984) reported some cases of LD in Johannesburg area and in a
Zambian copper mine. They were able also to isolate /. puewmophila from environmental
samples as well as from patients with the disease or who had died of it - Legionnaires’ disease
To mv knowledge. however. this is the first study of Legionellaceae of this magnitude in the
Affican continent

I am not aware of any reported case of Legionnaires' disease in West African sub-region.
or in Nigeria n particular  However. sporadic outbreaks of mvsterious deaths. seasonal
epidemics of diseases, "killer diseases" and/or "killer virus” and many unreported deaths occur
almost regularly in many parts of Nigena  The death-toil in our clinics and hospitals is very high.
especially on the elderly and debilitated. and post-operative patients

I'hat epidemic diseases still occur in the twentieth century with heavy toll in human lives

is a lesson deyeloping countries can ill-atford to miss  If the modern dav America and Britain



could suffer the worst epidemics of the 20th century. and still be threatened by yet another
"monster killer" reappearing in the form ot human immunodeticiency virus (HIV) and acquired
immunodeficiency syndrome {AIDS), the developing world should better learn to value and
invest in medical and other scientific endeavors and/or training. This may be the onlv option.
however expensive to minimize the devastating effects of epidemics and “killer viryses’. and to
contain or cope with them should they strike n spite.

In view of public health significance of Legionnaires' disease the objectives of this work
are to.-

1. Determine the incidence and prevalence of legionella species in the Northern States of

- -

Nigeria by carrying out a bacteriological survey of this organism;

&

Document the presence of Legionetfa spp and identifv habitats where the orgamsm is found
in our particular environment;

Isolate Legionella spp and compare the isolates with those already identified it America and

Lad

Western Europe;

4. Develop knowledge of the bacterium and the diseases it causes within the national health
service scheme;

5. Define the clinical and epidemiological features of the disease caused by Legioneflaceae:

6. Suggest preventive measures for Legionnaires” discase;

7. Ger the medical practitioners/clinicians and microbiology laboratories aware of the bactertum
and the diseases it causes so as to invoive them, and encourage continued surveillance and.

8. Generate data that will stimulate mterest in Legionella species and form a baseline for

investigation in the event of an outbreak of Legionellosis.



CHAPTERTWO

20 LITERATURE REVIEW

2.1 Histonical Aspect of Legionnaires' Disease Bacterium

A dramatic and historic outbreak of serious pulmonary mtection assoctated with the
American Legionnaires' Convention in Philadelphia, July (1976), led to the recognition of a
discrete disease entity, Legionnaires' disease (LD), (Fraser ¢f al. 1977). An exhaustive
investigation by McDade ¢z ¢l (1977) led to the isolation and identification of the etiologic
agent, (Chandler ¢r «/.1977). This orgamism was shown to be a bacterium that was
phenotypically unique. whose deoxyribonucleic acid (DNA) was unrelated to the DNAs of ail
other species tested (Brenner ¢f ¢/, 1978, 1979 and 1981, Moss er. af.. 1977) The bacterium
was therefore classified by Brenner ¢ ol (1979) in a new genus and species. Legronelha
prcwmophike, in the new family Legionelliceae.

Legnonella prenmophila was subsequently shown to be a major cause of both
pneumonia and an acute. self-limiting febrile disease called Pontiac fever (Kautmann cr
al .1981) The public health significance of LD stimulated many intense mvestigations. 1t was
soon learned that Legionella pnenmopiila had first been isolated in 1947 by Jackson who
recovered the orgamism (OLDA) from a sick guinea pig that had been inoculated with the
blood of a patient with a febrile respiratory iliness (Jackson ¢r «/.1952)  Subsequently. it
became apparent that neither the bactenum nor the disease was new. The second organism.
tagged WIGA was recovered by Bozeman in egus. from guinea pigs inoculated with lung
tissue taken from a patient who had died of what the US Navv called "skin diver's disease”
Both organisms. OLDA and WIGA did not grow on bacteriological media and could not be

related 1o the patient’s illness with complement fixation tests of a premortem serum (Bozeman



et al,1968) Failure of the two organisms to grow on bacteriological media led 1o the
designation of the organisms as “rickettsia-like agents". Neither had been classified Both are
gram-negative, bacillary-shaped organisms that are somewhat larger than rickettsiae and have a
moderate degree of pleomorphism (McDade ¢ al., 1977)

The recognition of the morphologic and biologic similarities of the first isolates. OLDA
and WIGA. and the etiologic agent of Legionnaires’ disease (McDade ¢t «/. 1977) has
stumulated a resurgent interest in rickettsia-like agents. More so because in both cases the
isolation of these organisms was achieved by a procedure designed to isolate a nickettsia. a verv
small bacterium-like organism  Rickettsias are special in that they do not grow on svnthetic
culture media as most bacteria do but grow only in living host such as the ;mhmpnds.‘
experimental animals such as guinea pigs. and embryonated eggs. Fraser and McDade (1979)
reported that one rickettsia. (oxiella burneni which causes a type of pneumonia called (. fever
was isolated by inoculation of guinea pigs with tissue specimens obtained from patients at
autopsy. Worthy of note is the simifanties of’ symptoms of rickettsial pneumoma and viral
influenza to Legionnaires' disease. In the world’s worst recorded epidemic outbreak of
Legionnaires' disease at Stafford. England, (May 19835), influenza was the nitial diagnostic
consideration because of the clinical presentation and the presence of antibodies 1o mtluenza
virus in the first sera collected (Rashed er af .1986) This outbreak. originally misdiagnosed as
influenza claimed at least 39 lives. and possibly 46, with a total of 163 cases The 1976
outbreak n Philadelphia that gave the disease its name caused 36 deaths (Sherwood. 1983;

Fraser and McDade. 1979)



22  The Bacterium - In Historical Perspective

The Legionnaires' disease bacterium (LDB) was isolated early in 1977 by McDade of
the CDC. It is the 1976 epidemic in Philadelphia that brought Legionnaires' disease (LD)
worldwide attention and led to the isolation of the etiologic agent. The earfier isolation by
Marnilyn Bozeman, of two orgamisms that subsequently turned out to be the first recorded
isolates of LDB, was the OLDA strain in 1949 (McDade et. «/.. 1979) and the WIGA strain
(Hebert ¢r. af, 1980).  She also isolated HEBA stram in 1959 (Hebert e¢r. «/1980) The
bacterium was not identified at the initial encounter because it did not grow on anv
bacteriologic media in use at the time. This special growth requirement probably prevented its
being isolated as a human pathogen earlier (McDade . af.. 1979). Another LDB isolated in‘
Pittsburgh (Pasculle et al 1980) was initially called the "Pittsburgh pneumonia agem"” (PPA).
and was later known to have been isolated much earlier on (Hebert ¢z /.. 1980)

The bacterium is known to date. 1o survive and remain viable from water temperatures
of 5.7 to 63"C. indicating that a great range of habitats is capable of harboring this bacterium
(Fliermans ¢r. af, 1981). Some members of LD bacteria have since been known 1o be more of
soil dwellers than water. and that association with gardening in soil rather than exposure 1o
cantaminated water appeared to be the major environmental nisk factor for the acquisition of
LD (Steel er. af. 1990a). Its relationship to thermal environments is suggested by its cellular
fatty acid composition which is similar to that of known thermophilic bacteria (Moss ¢z,

al 1977)



23 Clgssiﬁm;ion of the lgionnnim‘ Disease Bacterium.

When Fraser and McDade (1977) finally isolated the Legionnares' disease bacterium
barely six months after the Philadelphia explosive outbreak of pneumonia. he opened the door
to the characterization and classification of the bacterium. The first four strains of the LD
bacterium isolated were called Philadelphia 1.2.3 and 4 Strains subsequently isolated were
also identified by city to distinguish them from the Philadelphia strains. This convention (was
used and) has now been adopted at the Centers for Disease Control (CDC), Atlanta. and all
strains are designated by city of origin and the number of isolates from that city

The strains thus far examined were gram-negative, weakly oxidase - positive. catalase-
positive. non-motile. fastidious organisms that had narrow optimal pH and temperature ranges
and did not grow anaerobically They did not reduce mitrates. use carbohvdrates. degrade urea.
or appear 10 pOssess decarboxviases for lysine and omnithine or an arginine dihvdrolase
(Weaver. 1979). They were rod shaped (0.3 to 0.4 pm X 2 to 3 pm) or filamentous {(McDade
et al.. 1977). Although the m-viro and in-vivo studies of four clinical isolates of Keel ¢f al.
(1978). showed the gram-negative rods 1o be 0.5 to 0.7 wm wide and varying from 2 to 20 um
in lenath  Electron micrographs confirmed the rod shape of the organism and its vanability in
length.  Brenner and colleagues (1979) also showed that LD bacterium DNA had a guanine-
plus-cytosine content of 39% and a genome size of approximately 2.5 x 10" This DNA
relatedness studies indicated that the first isolates belonged to the same species and showed no
significant relatedness between the LDB and many other species. genera. and families of known
bacteria whose guanine-plus-cytosine content was above 45%. Despite these informative dara.

a scientific name for LD bactenum was not proposed for two reasons



1. Many more genera with a compatible guanine-plus-cytosine content were vet 1o be tested

for relatedness to the LD bacterium, and

tJd

Because the name “Legionnaires' disease bacterium’™ was universally used and understood.
the lack of a formal name did not cause confusion or hinder communication
(Brenner 1978}

Brenner and co-investigators (1978) further tested “atypical” LD bactertum strains for
DNA relatedness to LD bacterium Philadelphia 1. Included in this categorv were many
environmental isolates  Labeled. fragmented. single-stranded DNA from LD bacterium
Philadelphia | was allowed to re-associate with similarly prepared. unlabeled DNA from LD
bacterium Philadelphia 1 (homologous control reaction) and that from other known or
suspected LD bacterium strains. Strains previously shown to belong to the same species as
Philadeiphia 1 (Brenner ¢r «f, 1978). served as known positive controls, These included
Albuquerque 1, Flint |.Bloomington | and 2.and Togus 1. which were 82-94% related to
Philadelphia 1 in reaction done at optimal temperature. 60 "C. They were related 71-85% in
reactions done at 75 "C, (stringent condition). Other bactena tested were 0-7% related and 0-
4%% related to LDB in reactions at 60 "C and 75 "C respectively (Brenner er a/.. 1978)

With the above experimental prove and other studies. including unusual fine structure
charactenstics and chemical composition of the peptidoglvean layer of LDB. Brenner ¢r o/
(1978) affirmed their believe that LD bacterium was a previously undescribed species. That its
biochemical reactions. growth pattern. and DNA relatedness were sufficiently umque to
warrant placmg it in a new genus  Thus they proposed the name Legionella prewmophila sp
nov. The type strain of Legronella ppenmophila is Philadelphia 1 Legionella preumophila

was proposed as the type species of the genus Legronella. Legronella was also proposed as the

e
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type genus for a new family Legionellaceac. And since there was only one species in the
genus, the description given for the species sufliced for the description of the new genus and
the new family (Brenner ef af (1978).

With ever growing accumulation of knowledge on Legionella, the organism is still
considered as one genus with over 38 species and over 50 serogroups (Thacker ¢f «f.. 1985
and 1886; Wilkinson ¢t a/., 1986; Benson ef al, 1989, Thacker ef of., 1990, Watson and
* O'Mahony, 1990; Benson ¢f ¢, 1991; Pascuile. 1993).

However, Brown and colleagues have proposed the formation of three genera from the
first 5 species: Legionella puewmophile, L. bozemanii, L. gormanii. [.. micdadei and L.
dumoffii (Brown e af, 1981, Garrity ot af, 1980). These three proposed genera are:‘
Legionella, with only one species - Legionella pnenmophila. Tatlockia, with only one species -
| Tartockia  micdader, and Fluoribacter, with three species, fnoribacter  bozemanii,
Fluoribacter dumaffii, and Fluoribacter gormeanii. This proposal is yet to gain popularity in
the scientific community. In tact, Brenner ¢t . (1985) opposed the proposal on the ground
that there is not a genetic definition for a genus. That it is doubtful that the relatedness values
among the three species placed in /'inaribacter would fit the genetic definition of a genus, if
there were one. Furthermore, the level of relatedness between Firaribacter species is as low as

12%, with as much as 25% relatedness between these species and 7. prewmophifa (Brenner ef,
al., 1979, 1980. Feeley e af., 1979; Morris ¢f. «l., 1980), Even in Brown . «l. proposal,
Huoribacter species showed as little as 4% interrelatedness, compared with values of up to
14% with L. prcumaophila and up to 10% with 1. micdadei (Brown e of., 1981, Garrity er.

al., 1980)
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The problem in creating three genera out of the first 5 species will be compounded
when one tries to create more genera out of the 22 Legionella species. Brenner er al. (1985)
using DNA relatedness tried that and found that, at 40% relatednéss level, there were 14
genera, Similarly at 30% relatedness level. 11 genera would emerge with species which do not
auto-fluoresce grouped with autofluorescing members; while a few species are more than 30%
related. However, at 25% relatedness level, as advocated by Brown and colleagues 9 genera
would be formed with the first genus comprising of the same species as at the 30% level
{(Appendix A).

Brenner and colleagues (1985), opposing this creation further stated that even if these

[

genetic genera could be detined and separated by phenotypic tests, none of these alternatve
approaches is appealing. However, the fact remains that legionellae can be identified to species
only by serogrouping or DNA hybridization. And with a combination of biochemical tests and
analyses of cellular fatty acids and ubiquinones, legionellae can be defined at the family level
and form species groups. but cannot be identified to individual species (Brenner ¢f «f..1983).
quthennore. grouping ot species on the basis of DNA relatedness creates additional problems
due to mixed phenotypes. Thus some species which do not autofluoresce could be grouped
with the bluish white-autoflucrescing species (Brenner ef af., 1985),

However, where genetic and phenotypic similarities are not in agreement. Brenner and
colleagues suggest that a genus based on phenotype is preferable than one based on genetic
relatedness {Brenner ¢f wf., 1985). Thus Legionella is certainly a good phenotypic genus
because:

- all species are isolated by the same methods and cultivated on the same media..
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- all species have similar biochemical profiles and are easily differentiated from other
gram-negative bacteria by their umique fatty acid composition  and isoprenoid  quinone
content..

- When motile, they all have a common flagellar antigen;

- all species that have been isolated from humans cause the same disease, and  the
same treatment regimen is used against alt species known to cause human diseases.

"For all of the above reasons”. concludes Brenner ¢r «if. (1985)."It would be of little, if any,

benetit to create additional genera in the family Legionclaceae at this time".

24 General Characleristics

Recogmtion of the diversity of the genus Legionella has increased steadily in the past
one-and-a half decades. There is every reason to believe that the complexity will continue 10
increase. For in the first one decade of the recognition of 7egionella. 22 species were included
in the genus (Wilkinson, 1986a). Currently. however there are over 38 species {Appendix B)
in'the single genus Legionella. Alternative taxonomic proposals have been advanced for some
spectes (Garnity ef /.. 1980), but this is vet to receive universal acceptance.

Legionella species are non-spore-forming; narrow, gram-negative rods. They are
aerobic, non-acid-fast {with the exception of L. micdadei in vivo), and unencapsulated bacilli
that measure 0.3 to 0.9 um in width ang vary from short forms 1.5 to 2 um in length to longer
and filamentous forms (Brenner ¢7 «/.. 1979). They are usually short and thin or coccobacillary
when seen in direct smear of clinical specimens but more variable in length following growth in

culture media. Forms greater than 20 pm long are not unusual (Brenner, 1986, and Koneman



etal., 1992). Pine et al (1979) reported that bacilli in tissue are only rarely filamentous. but
elongated forms may predominate in some culture media.

Legionellae are nutritionally fastidious organisms. They require the amino acid L-
cysteine and iron salt, ferric pyvrophosphate for growth which are provided in butfered charcoal
yeast - extract (BCYE) agar. Such specific nutritional constraints are unusual. Many bacteria
require supplementary cysteine or iron for growth, but the double requirement is rare (Fraser
and McDade 1979). Another unusual characteristic of the bactenum observed was that it could
not consistently be stained by techniques that normally are effective for bactena  Rather 1t
could be stained dependably by a modification of the Dieterle silver-impregnation technique -
an age long procedure for staining the spirochete of syphilis. The bacterium does not grow on
the usual blood agar and differential agar media commonly used for respiratory specimens in
climical microbiology laboratories (Fraser and McDade. 1979, Koneman er «f .1992)
Carbohydrates are neither oxidized nor fermented. Amino acids provide the primary source of
energy. L-cysteine is required for isolation of all species and is also necessary for continued
subculture of all species except /. .oakridgensis. All species except this latter organism and two
other newer species. /. natarum and L. londinensis are motile by means of polar or subpolar
flagella t(Wentworth ¢ /. 1987. Balows et «l,1991)  Flagella. which occur singly or
occasionally in pairs. are unsheathed and 14 to 20nm in diameter and possess a structure tvpical

of other gram-negative bacteria. Pili are also present.

241 Biochemical Characteristics

Winn, Jr. (1988) has rightly observed that /.cgionells was born in the molecular age.

and the sophisticated resources of molecular biology have greatly expanded our knowledge of



the biochemical composition of the genus. All of the species of Legronella have the
ultrastructural appearance of gram-negative bacilli, including inner and outer membranes. /..
micdadei has a distinctive dense layer in the penplasmic space (Herbert er /. 1984)
Legionella species produce characteristic branched - chain fatty acids and ubiquinones with 10
or more isoprene units in the side chain in their cell walls (Isenberg. 1979, Lambert and
Moss. 1989, Moss, 1981, Moss ¢r. af. 1981, Rodgers and Pasculle, 1991). Most species are
weakly catalase and peroxidase positive (Brenner ¢r «/, 1984) With the exception of /.
micdader. 1. feelei and L. nanrarnm, gelatin is hiquefied (Ormison er al (198 1a. Brenner ¢7 ul.
1985. Koneman ¢r al.. 1992)

The sodium hippurate hvdrolvsis test. which is positive for L. prenmopiula ;md'
negative for the majority of Legionella species isolated from clinical materials, provides a
useful presumptive procedure for differentiation between /. prcnmophila and the other
Legionella species. (Koneman ¢f al. 1992)  Nitrates are not reduced to nitrites.
carbohydrates are not utilized and urease is not produced. Nine species are known to produce
blue-white or red autofluorescence when colonies are observed with a long wavelength
ultraviolet light (Winn. 1987, Brenner ¢f «/f . 1985, Koneman ¢f al.. 1992),

Biochemical characterization however. is not enough for differentiation among species
of Legronella, but may be helptul as additional presumptive evidence that the isolate belongs to
the genus. (Additional tests are required for definitive identification or for charactenization of
isolates that resemble [ egionella since some species may not react with specific antisera.) All
species, except /. ervthra, contain prominent branched chain fatty acids by gas-liquid
chromatography (Brenner ¢ uf., 1985). Isoprenoid quinones with more than 10 isoprene units

in the side chain may be detected by reversephase. high performance liquid chromatography



The ultimate identification is provided by the determination of genetic relatedness. using DNA

hybridization (Brenner ¢t. al.,1985).

)
L

LEGIONELLOSIS

Legionnaires' disease (LD), came to public attention after the first recognized outbreak
of the disease in Philadelphia. Pennsylvania. in 1976 The disease occurs both sporadically in
the form of community-acquired pneumonia (Broome and Fraser. 1979, Winn, [988. Fang ¢1
al . 1989, 1990), and in epidemics (Blackmon ¢ «/.. 1981) In addition 1o LD a nulder form
of illness. called Pontiac fever (PF) also occurs, as well as illness involving anatomic regions of
the body outside the chest cavity (Fraser and McDade. 1979. Koneman ¢r. al.. 1992). Thus
the term Legionellosis includes all forms of diseases or ailments caused by the species of
bacteria in the genus. Zegionella.  The bacteria mav produce either acute pneumonia.
(Legionnaires' disease) (Fraser ¢r. al..1977), or a flu-like syndrome.Pontiac fever (Ghick cr.
al., 1978) and asymptomatic form of Legionella infections (Dowling ¢z af., 1984)

The two syndromes. Legionnaires' disease and Pontiac fever though common in
epidemics are differentiated on clinical and epidemiologic grounds (Broome and Fraser. 1979)
Legionnaires' disease has a long incubation period of 1-10 days, a low attack rate but with !5-
30% mortality rate, radiographic evidence of pneumoma and a prolonged convalescence
Approximately half of the recognized species of lcegionella have been associated with this
syndrome (Winn, 1987). On the contrary. PF has a short incubation period of only 5-6 hours.
and up to 1-2 days, a high attack rate of up to 95-100%, absence of pneumonia on radiographs

and a short course without residual defects (Winn, 1987, Koneman ¢z «/.1992) To date. onlv
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L. preumophila serogroups 1 and 6, and /. feeleir have been incriminated as causes of Pontiac
fever (Glick er. al, 1978 Herwaldt ¢, af., 1984, and Mangione ¢t. af, 1985).

But approximately 85% of the documented cases of Legionellosis have been caused by
L. ppeumophila. Serogroups 1 and 6 have accounted for up to 75% of the legionellae reported
to cause human illness (Reingold et al, 1984). In addition to [. preumaophila, many other
species have been isolated from clinical specimens collected from humans (Appendix C). Of
these other species, 1. micdader has been the species most commonly implicated in pneumonia,
followed less often by /. hozemnii. Others less frequently implicated have been L. dumoffii. L.
longbeachae, L. maceachernii, L, wadsworthii L. birminghamensis, L. cincinnatiensis. L.
oakridgensis, L. anisa, and L. uesonensis, (Fang e . 1989, Thacker et. ul., 1989), i

Legionefla is thought to account for between | and 13% of all pneumonias seen in
hospitals in the United States, Canada. the United Kingdom and Germany {Broome, 1984).
where most rescarch on LD has been conducted.  Even in these countries and elsewhere.
Legionnaires' disease poses a challenge to the medical community because its diagnosis is
co_mplicated by the fact that the clinical features of the disease are common to many other
respiratory tract infections (Yu ez al.,i982; Meyer, 1983, Winn. 1985) Legionellosis has
most commonly been recognised as a form of pneumonia {Yu,1990). Severity of the illness
varies substantially, from the subclinical through a mild process described as "atypical

pneumonia” to acute, rapidly progressing pulmonary disease.

251 Occurrence of [.egionellosis

Legionnaires' disease are commonly found in middle-aged or older, from late fourties

and above {mean age about 55 years). However, the disease can occur in persons of any age.



including children (Fisher-Hoch er. @/, 198 ;Koneman er a/.. 1992)

Conditions known to predispose people to legionellosis include diabetes mellitus,
ethanolism, cigarette smoking, construction work, residing near excavation or construction
sites. travel. and immunosupressive medications (Cohen, et al., 1979), Band and
Fraser. 1981, Heltberg ¢/ al/. 1988) Also at nsk are patients with chronic obstructive
pulmonary disease. and cardiovascular disease, cancer. and those who have received renal
homografis (Broome er. al., 1979, Haley et al.. 1979 Mever and Finegold 1980}  Another
predisposing factor is exposure to concentrated virulent Legionella organisms in the
emironment  Thus legionellosis has occurred with higher frequencies among travellers
(Broome and Fraser.1979. England 111, er. af.. 1981, Winn, 1988. Yu. 1990), especially to an
epidemic sites such as a hotel or hospital with an ongoing hyperendemic problem or in a highly
endemic area and in hospitalized patients who have developed pneumonia during

hospitalization

252 Signs and Svmptoms of Legionellosis

The earliest symptoms typically include a rundown feeling. muscle aches. and a slight
headache. There is a rapid onset of dry cough and clevated temperature of up to 39 “C to 40
"C or higher with shaking chills. The fever tends to be non remitting (Mever ¢f. al.. 1980,
Koneman er. al., 1992) Extrapulmonary symptoms and such complaints as fatigue, malaise,
mvalgia. and arthralgia may suggest the diagnosis of viral infection and mislead the chnician
(Rashed er. al.1986) Thus the often misdiagnosed cases in epidemics and sporadic cases A

summary of chinical manifestations is given i Appendix D



In recent years, the clinical spectrum of legionellosis has expanded. The illness may
involve essentially any organ system of the body, with or without pneumonia. Examples of
such extrapulmonary involvement have been reported. Central nervous system manifestations
such as headache, lethargy, confusion, stupor, and other less common manifestations including
ataxia, coma, and seizures were reported in nearly half of the patients with Legionnaires'
disease in the US (Johnson er. al.1984. Mever ¢r .l , 1980). Gastromntestinal symptoms such
as abdominal pain, nausea, vomiting and diarrhea occur in many patients (Koneman ¢r. «/..
1992). Bacteremia has also been reported by several workers (Edelstein. 1984 and Edelstein ¢v.
al..1979; and Rihs ¢ af , 1985)

Many of the symptoms, including cough, are common to LD and PF. Sputum is ﬂOl.
always produced and tends to be non-purulent. Similarly, legionellae are not usually
demonstrable in respiratory secretions. But on occasion, secretions mav be purulent and
bacteria may be demonstrated. especially if matenial is obtained directly from the lung (Liu and
Wright. 1984, and Winn ¢ af 1978). In spite of the similarity of the two main clinical
syndromes experts' view (Beaty 1984). is that the typical patient with LD has the abrupt onset
of high fever, nonproductive cough. chills, and headache or mvalgia. That the peak
symptomatic involvement occurs within 48 hours with the patient appearing rather toxic.
flushed face and near prostration. Patients often are too breathless to talk comfortablv and
cough occurs in uncomfortable paroxysms. However. Beaty (1984) observed that though the
presentation of "typical” signs may heighten a suspicion of LD, many patients may show
markedly differnet symptioms. Some patients undergo slow deterioration while others who

failed to develop fever finally died due to pneumonia (Fay et al., 1980, Beaty, 1984)



19

2.5.3 Diagnosis of Legionellosis

The first diagnosis of Legionefla infection was accomplished retrospectively by
inoculation of guinea-pigs with tissues of Legionnaires who had died of the disease {Fraser and
McDade. 1979). This procedure was most tidious and expensive. However, the frustrating
early days are over, "we have advanced to the point where it may be easier to identify with
reasonable confidence infections caused by legionellae than those caused by more venerable or
old-time pathegens.such as Streprococens ppeumoniae "{Winn, 1987). In summary, Legionelfo
intection can be diagnosed by:

(1Y  demonstration of a serological response to the bacteria.

2)  recognition of bacterial antigen or nucleic acid in chinical spectmens, and

(3) recovery of the pathogen i culture (Winn, 1988).

2531 Serological Biagnosis

A variety of serological tests have been developed for detection of antibodies to
Legmncila spp. Of the several such tests. the indirect immunofluorescence antibody (1FA) test
has been the most completely evaluated. The demonstration of a fourfold rise in serum indirect
immunofluorescent titer to 128 or greater is diagnostic of LD, and it is the standard (Winn.
1988). Even then, the diagnosis of sporadic cases by serology is not as tirm as that from
culture.  Sompolinsky and associates (1986) have encountered sera that contained both
immunoglobulins M and G (IgM and 1gG) antibodies relative with Proseus bulgaris, Rickertsia
nphi and L. prermophila. Serological diagnosis also has the additional disadvantage of being

retrospective, although a seroconversion can be detected in many patients within the first week
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of illness (Zuravieff ¢z @l 1983). It is important to use reagents that detect both

immunoglobulins M and G (Naginton ez ¢f., 1979, Zimmerman ¢f of.,1982).

2.5.3.2 Nudlei Acid Probes - Gen - Probe

Gen - Probe, Incorporated (1986) developed a DNA probe test designed to detect all
22 known Legionella species directly in clinical specimens within 2 hours (Bryan and
Enns,1986). This DNA probe is highly specific for members of the genus Legronella
(Edelstemn, 1986; Bryan and Enns, 1986, Wilkinson ct.«/..1986) and sufficiently rapid to
achieve results in 1 to 4 hours (Kohne. 1986), a much needed time in clinical setting t‘or a life
threatening disease diagnosis. This potentially important molecular tool performs as well or
better than direct immunofluorescence; it vields a numerical result and does not require
judgements to be made concerning intensity of fluorescence, organisms shape, and staining
patterns (Bryan and Enns, 1986). [t can detect invading pathogens by specifically complexing
with the nucleic acids of the infecting microbes. Thus detection and identification are
pe_rfonned simultaneously obviating the need for isolation of the organism. The DNA probe
tests are therefore an advanced method for diagnosing infectious diseases. such as
Legionellosis (Kohne, 1986). Kohne ¢ «f., (1984) emphasized that the specificity of this
probe makes 1t possible to detect and quantitate the presence of Legronella species, even in the
presence of large numbers of non related bacteria or mammalian cells. Wilkinson cf. al.. (1986)
also confirmed the specificity of this probe to be 100%, with a sensitivity greater than 98%5 in
both clinical and environmental specimens. However, one disadvantage of the kit is that a

radiclabeled DNA probe with a short half-life must be used (Winn, 1988). The kit is also

expensive and needs a gamma counter.



2533 Direct Detection of Iegionella by DFA

Direct detection of Legionella spp. in clinical specimens is by direct
immunofluorescence antibody (DFA) assay. This has become the most rapid diagnosis of
Legionnaires' disease (Edelstein, 1983, 1984; Edelstein ¢f .o/, 1980, Zuravlefl er af . 1983)
Although it has a low sensitivity (25% - 75%), its specificity is quite high (99% - 100%0)
(Edelsteins, 1987 Edelstein ¢£. af., 1980, Winn,1987). Fluorescein-conjugated polyclonal sera.
in which immunoglobulins against multiple species and serogroups have been pooled is used
And provided the procedure is followed carefully, and meticulously by an experienced
microbiologist, using a good fluorescence microscope. cross-reactions can be prevented
Koneman er. al. (1992) noted that most. cross-reactions result from (1) processing a positive
control shide in the same container with specimens, (2) the microscopists’ acceptance of
fluorescing morphologic forms such as cocci or debris that are not typical of Legronella
species. and (3) the contamination of rinse water. reagents. or slides by environmental
Legionella species. The Genetic System (1985) has also developed a monoclonal antibody
which has proven to be useful for DFA testing of both culture isolates and patient specimens
This test system has a sensitivity of 100% and a specificity of 98% that could be raised to

100% if a routine Gram stain was included in the test procedure.

2534 Culture Method

Culture isolation of Legionella spp. from clinical specimens is another major test
method employed for the clinical diagnosis of LD. It has become a sensitive means for
detecting legionellosis by the majority of clinical microbiology laboratories (Edeslstein. 1983.

and Winn. 1985) [t is now the mainstay of diagnosis of Legronella infection. culture



specificity is 100%, although its sensitivity is 50 to 80%. Buftered charcoal yeast extract agar
with alpha-ketoglutarate (BCYE-a) is the mainstay of microbiological diagnosis. Selective
versions have been formulated to facilitate the recovery of legionellae from contaminated oral
secretions (Phillips and Nash. 1985) If species other than L. pnewmophila_ are sought. a
medium with vancomyein rather than a cephalosporin should be used (Winn, 1987) Pre-
treatment of specimen with acid or heat has also been added to assist and increase the vield of
legionellae (Philips and Nash, 1985. Brenner ¢r al.. 1979).

Dve-containing media was also developed to assist in the recognition and preliminary
identification 10 species of legionellae (Vickers ¢ «/.. 1981), but has not been demonstrated to
increase isolation (Winn, 1987)  On the surface of charcoal agar (BCYE-a) the appearance of
legionellae is charactenistic. Colonies are smooth, convex and entire.  When viewed with a
stereomicroscope. they have a mottled appearance with shades of blue, pink, or green The
colonies are multifaceted and have been described as resembling “cut glass™ or “ground glass™
especially when observed with oblique light (Winn.1987). However, the colony surface is
regular; but as the colony enlarges, the center and eventually the whole becomes opaque 1t 1s
usetul. therefore, to observe plates daily, at least for the first 3-7 davs. Colonies have a sticky
consistency and cannot be removed clearly from the plate. If a bacteriologic loop is removed
slowly from a colony. a tenacious strand of bacteria may be demonstrated (Winn, 1987) At
least 2 days are usually required for recognition of colonies, but most cultures are positive
within 5 davs of incubation at 35 "C_ L. prenmophila grows well in air, but other species mav
require low concentrations of CO., not exceeding 5% (Winn. 1987)

The broad clinical spectrum and severe morbidity and montality of Legionnaires' disease

emphasize the need for rapid and accurate laboratory diagnosis. When Legionellosis is



suspected clinically, lower respiratory tract specimens should be collected for both culture and
direct fluorescent antibody (DFA) testing. Appropriate specimens for rapid examinations
include expectorated sputum, materials collected using bronchoscopy (such as bronchial brush.
biopsy, lavage, or washings), transtracheal aspirates, closed-and open-lung biopsy material. fine
needle aspirates of lung. and pleural fluid (Edelstein ¢ af . 1980, Edelstein. 1987. and Winn.
1987) These specimens should be carefully collected to avoid aerosolization and transported
to the laboratory at ambient temperature in sterile leak proof containers. They should be
examined within 2 hours after collection. [f less than 2 days delay is anticipated specimen
should be refrigerated or packed on wet ice. For more days or weeks delay. -70°C or colder 1s

required for storage (Edelstein 1984)

2.5 4 _Antimicrobial Therapy

Patients with Legionnaires' disease usually require hospitalization. and for several davs
after admission their condition deteriorates. Pontiac fever patients however feel verv sick tor
from two to five days. but they all recover. apparently completely {Fraser and McDade 1979)

Investigation of the clinical records of the Pennsylvania Legionnaires suggested that
Erythromycin, in contrast to the antibiotics commonly prescribed for other pneumonias with
similar signs and svmptoms. was the most effective therapeutic agent (Fraser ¢r o/ 1977)
Broome and colleagues at the CDC observed during a 1977 epidemic in Vermont (USA\) that
only one person out of 22 who received erythromyein died. whereas 10 of 11 persons who did
not receive the drug died. Since then Ervthromycin has been effective in reducing the case-
mortality rate and is still the drug of choice for legionellosis to date (Fraser and McDade. 1979,

Winn, 1988, Yu. 1990)



The clinical response to Erythromycin therapy may occur immediately or be delaved
for several days. However, the therapy is a prolonged high-dose, course of the drug, with two
to four grams per day, administered for three weeks. occasionally supplemented with Rifampin
(Baine. 1979, Beaty. 1984. Broome. 1984, Meyer, 1983). Rifampin is known to be very active
in vitro (Thomnsberry ¢ «/ . 1978), and could be given in addition to Erythromyein to some
patients who are seriously ill or fail to respond to Erythromycin alone. But Rifampin should
not be given alone because rapid one-step resistance may develop (Mever ¢r a/.1980)
Cephalosporins, aminoglycosides. and penicillins are not effective for Legionnaires' disease
(Baine. 1979, Winn. 1985). Some species of Legionella produce B-lactamase (Thornsberry and
Kirvan, 1978)

If Erythromycin cannot be given, Deoxveycline in combination with Rifampin has been
recommended for moderately or severely ill patients. Additional alternative agents include
Trimethoprim-sulfamethoxazone. Imipenem. and Ciprofloxacin (Yu,1990).  Appropriate
treatment with Erythromycin has shown to reduce the morality rate from 80% among
immunosuppressed persons to 24%. In previously healthy patients. a 25% monality rate was
reduced to 7% with recommended therapy (Kirby ¢r. «/..1980). The prognosis is said to be

linked to the time required for a diagnosis to be reached and Ervthromycin therapy initiated.

2.6 Isolation of L.cgionella from Environmental Sampies:

L. prenmophifa was first isolated from natural habitat in the mud of a stream by Momis
et al. (1979). Subsequently L. pnenmophile and other legionellae have been isolated from
virtually every imaginable habitat. From fresh water (Fliermans ¢f o/, 1981, Yakubu and Pass

1983) to brakish or estuarine water (Ortiz-Rogue and Hazen. 1987), from pond water



(Fliermans ef al.. 1981, Tison ¢f al.. 1983,and Bercovier ¢r. al, 1986) to water on leaves of
epiphytes (Ortiz-Rogue and Hazen. 1987). From rain water and surface streams (Turner er «/ .
1984. Morris ef al., 1979), to potable water (Tobin ef ¢ 1981; Tison and Seilder. 1983, Stout
et al, 1982, Yakubu and Pass, 1983, Bartlett, 1984. Fraser, 1985, Shands ¢r «/. 1985,
Bomnstein, ¢f af., 1985 and Baree ¢f af . 1987), from the blast zone of Mount St. Helens ( Tison
et al 1983, Campbell e7 af . 1984), hot springs, and thermally polluted water (Fliermans ¢7 o/ .
1981; Tyndall er /. 1984) to medically accepted spring spa waters in France (Bomstein o7 /.
1989 Bornstein ¢z .al,1989a). From air conditioning system of multistory buildings in the US
and UK (Edelstein 1985. Fox, 1985; Gorman ¢# /.. 1985; Orrison ¢t al., 1981b and 1983b.
Wilkinson ¢7 al.. 1988 Sherwood. 1985) to an air conditioning system of a bus in .\ustralin.
(Benson ef «l..1989), and from saw dust to potting and gardening soils (Steele ¢z ¢/ .1990a.
1000b)

Environmental isolation of Legionelle is accomplished by direct platng of
environmental water samples on BCYEa agar. the best basal medium for culture of all
Legionella species (Barbaree ¢f «f . 1987, Edelstein, 1983, Feeley, 1984, Keathlev and Winn.
1984). This method is now more sensitive and more practical than the age long noculation of
guinea pigs for recovery of Legionella (Feeley, 1984) Environmental specimens are generally
collected from sites such as potable (tap) water systems., water heaters. air conditioning
systems. respiratory therapy equipment associated with water, and whirlpools. All of these
sites can serve as reservoirs, amplifiers. and disseminators of Legronella (Bartlett. 1984,
Jakubowski ¢t al., 1984; Bolling ¢r o/ . 1985)

For bacteriological analysis. water specimens can be classified into two tvpes. "low



count” and "high count"” (Feeley, 1984). This is determined according to the concentration of
non-Legionella microorganisms rather than the number of legionellae present.

"Low count" waters. such as potable water. should be collected in quantities of | to 10
liters in sterile jars and concentrated prior to plating, either by centrifugation (Edelstein, 1984)
or filteration through 02um polycarbonate filters (Gorman ¢r «/.1983). Centnfugated
sediment is resuspended by vortexing well (Edelstein. 1984). Sediment on filters is
resuspended by placing the soiled filter in a small jar containing sterile water and sonicating the
jar and contents in a sonicating bath of the type used to clean jewelry for 10 minutes. This
sonicating procedure is recommended for dispersing bactenial aggregates in "high count” water
samples as well (Gorman ¢z al,. 1983)

"High count” waters. such as cooling tower mav be collected in small volumes in sterile
jars or tubes (Gorman ¢r af 1983) Samples from taps (e.g. sinks. and showers), may be
collected by removing the outermost fitting and swabbing the inside of the pipe. showerhead.
or aerator  The swab is then suspended in a small amount of water. vortexed. and 0.1mi of the
sample is plated directly An additional sample after concentration by centrifugation is also
plated (Edelstein. 1984)

Both types of water samples either can be inoculated directly to media or can be
exposed to low-pH (2.2) treatment for 10 minutes (Bopp ¢/ af. 1981. Gorman and Feelev.
1982) or heated at 60 "C for | to 2 minutes (Edelstein er «of 1982), or at 50 °C for 30 min
(Harmison and Tavlor, 1988) and then inoculated to media. Samples should be refrigerated for
later acid wash treatment and replating if necessarv. The CDC recommends that environmental
specimens be incubated at 35 to 37 "C in a candle jar. or in a humidified incubator in air

supplemented with 2.5 percent CO, (Gorman ¢f «/.. 1983)
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When collecting samples from hyperchlorinated sites (i e. free residual chlorine greater
than 0.5mg/l) sodium thiosulphate (Na»8,0:.5H,0) must be added to neutralize the chlorine
that may otherwise inhibit some Legionellae.  Approximately O.SmM thiosulphate inactivates
about 20mg/ml of free residual chlorine without toxicity to ZLegioneffa (Edelstein, 1984). If
upon plating bacterial overgrowth occurs, samples should be pretreated with heat or acid

{Edelstein, 1984; Gorman ¢f af | 1983).

27 MEDIA FOR LEGIONELI.A CULTURE (Buffered Charcoal Yeast -Extract

[BCYE] Agar)

The best medium for growing all species of Legionella 1s BCYE-a agar (Edelsiein. 1981
Feeley, 1984, Keathley and Winn, 1984) Media for Legionelfa culture have undergone many
improvement in the peried since L. prreumophila was first isolated by McDade or of., (1977),
with the use of guinea-pigs and embryonoted chicken eggs (McDade et af, 1977). Atter
Mueller-Hinton chocolate agar (M-H agar) was discovered to aflow some growth of
Lefs,"a"oneﬂa (Feeley et af., 1978). Feelev and co-workers went on to develop an improved
medium known as F-G (Feeley-Gorman) agar.  This was based on the fastidious requirement
of Legivnella for ferric pyrophosphate and L-cysteine. and optimal growth at pH 69, F-G
agar was later modified to provide better growth and was renamed charcoal yeast extract
(CYE) agar (Feeley ¢r al, 1979). When later an ACES (N-2-acetamido-2-aminoethane-
sulphonic acid) buffer was added by Pasculle ¢7 «f. {(1980), the medium became known as

buffered charcoal vyeast extract (BCYE) agar  Finally, Edelstein described another

modification, the inclusion of 0.1 percent alpha ketoglutarate to arrive at the current BCYE-a



agar (Edelstein.1981). This semiselective medium is now the best basal medium for culture of
all Legionella species (Edelstein, 1983, Feeley, 1984, and Keathley and Winn, 1984)

While BCYEa agar meets the fastidious growth requirements of Legronella. it also
supports the growth of many other organisms. These other organisms. or contaminants usuallv
outgrow Legionella (Wilkinson, 1982; Yakubu and Pass. 1983) and may in fact. be inhibitory
to legionellae. (Zuravieff ¢r af, 1983). For this reason many specimens are much more
successfully cultured on BCYE«a -based media containing selective ingredients.  Such
preparations in common use include BMPAa. BCYE with cefamondole. polymyxinB.
anisomycin. and a-ketoglutarate (Edelstein. 1981), and GVPC. BCYE plus gl}'cinc:
vancomycin, polvmyxin and cycloheximide (Dennis ¢r. «/.. 1984a).

A number of other selective formulations are especially useful for isolating Legronelk:
spp from environmental specimens. Those in common use are GVP. which is BCYE-a
supplemented with glycine, vancomyein, and polymyxin B (Wadowski and Yee. 1981). and
GPAV, containing anisomycin as well (Gorman ¢r «/, 1983). Another one known as MWY
(moditied Wadowsky and Yee medium) containing all of the above ingredients plus
bromthymol blue and bromcresol purple is also in use (Edelstein. 1982). These media can be
used to isolate the more sensitive Legronella species and may occasionally be helpful in the
selective plating of contaminated clinical specimens, however, they do not inhibit enteric

organisms ( Edelstein. 1983 and 1984).

2.8 Ecology of Legionella species

Legionellaceae are ubiquitous in natural fresh-water habitats although they constitute only a

small proportion of the total bacterial count in the aquatic environment. The first isolation of /..



preumophila from a natural habitat was from the mud of a stream (Morris ¢7 @/ ..[1979)
Subsequently /.. prenmophila and other members of Legionella have been isolated from lakes.
rivers, streams, natural thermal lagoons and ponds. thermally polluted waters. mud samples. the
shores of lakes and rivers. from ponds located in the blast zone of volcanic activity, and ground
water (Fliermans ¢ «/ 1981, Bartlett ¢f /.. 1986. Tison and Seidler. 1983. Yakubu and Pass .
1983). Other water related habitats have also been reported to have among their inhabitants
Legionellae: hot spring water used for hydrotherapy (Bomstein er «/.1989). rain water
(Tumner er. al.. 1984, Orniz-Roque. 1987). There appear to be higher concentration of
Legionella species in warmer waters. such as 30 "C to 45 °C. than in water at cooler
temperatures (Wadowsky er «/.. 1985) Oniz-Rogue and Hazen (1987). in Puento Rico
reported recovery of legionellae from marine waters and from epiphytes in trees. Fliermans o7
al. (1979) demonstrated legionellae in 792 of 793 water samples examined in the South-eastern
United States. thus demonstrating their ubiquitous nature among natural aquatic environments
Although isolation of Legionella from dry soil has not been reported. wind-blown dust tfrom an
excavation site was implicated for disseminating the organism in one of the earlier outbreaks of
Legionnaires’ disease (Broome and Fraser. 1979; and Fraser and McDade.1979) However.
Legionella species including L. puenmophila  and [. bozemanii have been isolated from
samples of water of wet soil (Morris ¢r. . 1979). More recently. Steel and colleagues ( 1990a).
isolated /. prenmophiia. 1. longbeachae serogroup 1. wnd 1. micdadder from potting soils in
Australia. In the same study, /. longbeachae serogroup | was also isolated from natural soil
and from pine sawdust. Epidemiologic and microbiologic studies from South Australia in
association with an outbreak of LD due to /.. longeachae serogroup | suggested that soil. and

not water. could be the natural habitat of /.. longeachea serogroup | and that soil could be the



source of the organism in human disease. In this study (by Steele and colleagues), gardening in
soil, rather than exposure to water contaminated with /.. longbeachae appeared to be the major
environmental risk factor.

However. most environmental studies on legionellae have concentrated on artificial or
man-made aquatic habitats.  These habitats are believed to function as amplifiers of
Legionellaceae. e g hot-water tanks, or disseminators, e ¢ aerosol-producing cooling towers.
air conditioners. vaporizers and shower heads (Seidler. 1984). Outbreaks of L. prieumphilc
infection since the 1976 Philadelphia explosive pneumonic infection, have been traced to
cooling towers, evaporative condensers. and steam turbine condensers (Glick er /. 1978,
Fraser and McDade. 1979; Politi er. af., 1979, Cordes ct. af., 1980), all of which are aniﬁcial-
or man-made water related environments. In the Philadelphia (1976) epidemic. the
investigators suggested that potable water might be involved in the transmission of
Legionnaires’ disease because of a significant association between disease and drinking of
water from one hotel (Fraser ¢f /. 1977) This suggested association of LD with potable
water has been strengthened by similar findings both in the United Kingdom (Tobin e «f.
1980) and in the United States (Cordes ¢t «f . 1981, and Stout ¢7 af.,1982)

It has become clear therefore that legionellae are ubiquitous in man-made water
svstems. both in the absence as well as in the presence of clinically demonstrated legionellosis
The organisms are frequently present in water cooling towers and have been found in tap
water. shower water, hot water tanks, the insides of shower heads. rubber gaskets, and metal
surtaces within plumbing systems. Potable water has been implicated as the most likely source

of Legionefla in many epidemics and sporadic cases of legionellosis that were not

epidemiologically associated with cooling towers. or faulty air conditioning. or heat exchange



systems (Amow er al . 1982, Cordes ¢r af., 1981a; Fraser and McDade. 1979, Muder ¢/
al 1986, Shands ¢t al , 1985)

Whirlpool spas have also been implicated in cases of legionellosis (Fallon ¢r /. 1990.
Bornstein e7 @l . 1989). When Whirlpools are inadequately chlorinated, condition may favor the
growth of legionellae and the organisms may be aerosolized into the atmosphere and inhaled by
unsuspecting susceptible bathers This has been supported by Breiman ¢ «/ (1990) report of
an outbreak investigation of nosocomial Legionnaires” disease at a hospital in South Dakota
(USA) The findings of their investigation have strengthened the hvpothesis that aerosolized
shower water can serve as the vehicle for spread of Legronefla pnenmophifa (Breiman ef af.
1990)

Thus, numerous reports have assoctated the presence of /. pricrmophula in institutional
potable hot water with the occurrence of legionellosis. Zegioneflae appear to survive the usual
chlornation procedures of municipal water treatment facilities and thus, not unexpectedly. mayv
be present in potable water supplied 1o homes, apartment buildings. hotels. hospitals. and other
buildings (Cordes. ¢f al.. 1981a. Omison. ¢/ al., 1981, Best ¢7 «f . 1983, Helms ¢r af . 19835,
Kusnetsov. ¢f al., 1993). Potable hot water. as Breimans' report (1990) has shown. especially it
it does not exceed 55 "C, has contained heavy concentrations of Legionella in some instances
World Health Organisation (WHO) report concerning hot water related environments has
stressed that the colonization of such environments has been related. among other factors. to
the water temperature which appears to be the most important determinant in the solation of
legionellae in these environments (WHQO, 1990). /egionellae are thus aquatic bacteria which
survive at temperatures that are not tolerated by most other aquatic organisms. Thev are not

thermophiles but their tolerance of higher temperatures may give them an ecological advantage.



uniquely fitting them for colonizing man-made water systems which are often at higher than
ambient temperatures (Harrison and Tayior. 1988) [n addition to water temperature. the
construction of the plumbing system also seems to plav an important role It has been shown
to correlate with the presence of certain kinds of resins in gaskets, the presence of dead ends or
cul-de-sacs, where there is stasis. obstruction. or stagnation in water flow. and the presence of
biofilms or slime lavers on the surface of pipes containing other commensal bacteria. protozoa.
and algae (Neideveld ¢r af . 1986, Lee ¢t al , 1988 States er al ., 1989: WHO. 1990)

Factors that promote the growth of legionellae in plumbing svstems are however
incompletely known and are poorly understood in spite of a large accumulation of literature
Legionellae are fastidious organisms that require enriched media for growth in the laboratory
But that drinking water supplies all growth and energy requirements for legionellae 1s most
unlikely. However. there are several bacterial charactenstics that may enhance s ability not

only to survive but to thrive in water systems.

281  Interaction with other Microbes

The first suggestion of symbiosis between Legionella species and other organisms was
put forth by Tison when he isolated /.. pneumophula trom algal mat in a thermally polluted lake
(Tison er al.. 1980). Bohach and Snyder (1983) later found that when algae were removed
from a culture that contained Legionella spp.. the number of viable Legronella spp. in the
mixture decreased Thus suggesting some form of association. In the same study Tison tound
that of the algal species. ( Morella spp supported growth of colonies of the bacteria. while
Cilococysis did not. The relationship of 2. pucumophila with green algae (chlorophvta) and

blue-green algae (cvanobacteria) is thought 1o be due to the production of carbon compounds



which support the growth of L. preumophila. However. Chlorella spp and Glococystis spp
are common contaminants in water systems which create aerosols, and so inhalation of a single
algal cell carrying L. prenmophila may be an infective dose sufficient to cause the disease. LD
(Hume and Hann, 19841)

Although /. pneumophila does not grow in sterile tap water. naturally occurnng
legionellae do multiply when they are associated with environmental bacteria (Wadowsky and
Yee, 1985, Wadowsky ¢r «f , 1988). Wadowsky and Yee (1983) also demonstrated satellite
growth of L. preumophila with an environmental isolate of /lavobacterium breve.

Parasitic relationship with other environmental microorganisms have been proposed as
an explanation. based upon observations. Rowbotham (1980a) was the first to document the '
phagocytosis of legionellae by environmental amoebae (aquatic and soil amoebae of the zenera
Acanmthamoeba and Naegleriaj. Others have confirmed and extended these observations 10
include other amoebae such as Harmammnella and the ciliate 7emaivmena (Fields er. af . 1989,
Newsome ¢f. af, 1985. King ¢r. al.. 1988. Wadowsky ¢r. «f . 1988) States ¢r. af. (1989).
went further to explain that amoebae phagocytize legioneflae. as they do other bactena in
nature. and the legioneflae. instead of being digested as food. survive and multiply within
nutritionally deficient habitats by living symbiotically within the amoebae or ciliates Those
amoebae which form eysts, might offer further protection to legionellae within the cysts against
the effects of chlorine. thus perpetuating the continued presence of these pathogens in water

In their study. using Adcanthamocba patestnenses Anand and colleagues (1983).
cocultivated L. prctanoplula and A, palestinensis and found that there was increased
intracellular multiplication of the bacteria. especially at higher temperature (35 "C)  Linuted

multiplication of legionellae was observed at lower temperature (20 "C). The study further



suggested that since Legronefla and Acanthamoreba species were isolated from the same water
and interacted on coculture, it implied legionellae infect amoebae in nature and multiply in them
at a rate influenced by temperature. [f this assumption holds. then sites colonized by amoebae
could well act as a focus for multiplication of Zegionefla spp.  Consequently cysts of .
palestinensis containing legionellae can provide protection to the later so to enable the bacteria
to survive more adverse conditions than they could as free bacteria. This would also mean that
cvsts resistant to levels of chlorination used 1o treat domestic water supplies could protect
legionellae harbored within them. The bactenia could then be released later into domestic piped
water supplies, thus perpetuating the bacterta in potable water (Anand ¢z a/ . 1984)

Barbaree ¢r «f . (1986) also demonstrated the ability of /.. prermophita cells 1o reside
inside free living protozoa. thus offering a possible mechanism by which these bacteria can
persist through adverse conditions (extreme cold in winter. in temperate climate and. extreme
heat and drying in tropical climate) and propagate rapidly in favorable conditions The
gestion of 1. .pneumophila by protozoa and the subsequent intracellular multiplication of the
bacterium is in no small way a protective mechamsm  This may explain. at least in pan. the
continued prevalence of legionellae in potable water. the biocidal water treatment
notwithstanding. This condition is further enhanced by the fact that amoebae can revert from
the trophozoite stagze to the cyst stage and vice versa as environmental conditions change The
protozoa. letralnvmena spp and amoebae were observed to be able to ingest, but not Kill.
virulent /.. pnicsmophifa fed to them in the laboratory. so thev may be amplifiers of lezionellae
in nature as well as being natural hosts to these bacteria (Barbaree ¢1 i/ .1986. Rowbotham.

1984). Because of the presence of protozoa (amoebae and ciliates) in air-conditioning svstem



and in hot water tanks, and the fact that these protozoans frequently contaminate pipe borne
water, the increase of legionellae in domestic water will continue to be a health problem.
Recently, Wadowsky er af. (1988) implicated Hartmannellid amoebae as growth
factors for L. pneumophila. The predominant forms identified were Hartmannella veriformes
and Hartmarmmella cantabrigiensis.  Thus the relationship of legionellac and amoebae has
‘improved' from amoebae feeding on legionellae to amoebae releasing growth factors for

legionellae (Wadowsky er af., 1988, Fields. er al ,1989)

2 8 2 Interaction with Plants Other than Algae

A less-studied association reported is that observed between /. pneumophila .and
Myriophtllum spicamm, a submerged aquatic macrophyte. In a study by Fliermans (1984) it
was observed that when the plant died back each season in the Fall (August-December) of the
year, large populations of /.. pneumophila became associated with the degradation of the plant
material. Such associations however, were not observed microscopically during the time of
the year when the plant was actively growing. This association also was further confirmed by
the use of direct fluorescent antibodies with subsequent culturing in which L. pneumophila
serogroup | was isolated (Fliermans, 1984). Because of the global ubiquity of this
macrophyte, M. spicatum. the relationship between it and legionellae is thought to be quite
important for explaining the growth of legionellae in a variety of habitats and the subsequent
role of those habitats as inoculum for amplifiers  Fliermans (1984) also noted that this
association appeared to be rather specific in that other aquatic plants did not show any

relationship with L. prenmophila.
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2.8.3 Efects of other Factors on the Survival of Legionellae in Pipe-horne Water

It has remained a puzzle that a fastidious organism, like Legionetfa can survive and
multiple in domestic water supply. The association of this organism with algae, water plants
and other microorganisms is well documented (Tison ¢f of ,1980; Pope ¢f al 1982, F}iermzms,
1984; Rowbotham, 1980a, Wadowsky, ¢f al ,1982).

However, explanations are vet to be complete as to how legioneilae may survive and
multiply in potable water, such as tap water. Temperature and water charactenstics are known
to play a significant role. 1. prenmophila can multiply in tap water at temperatures as high as
42 °C. It has been isolated from hot-water tanks at 30 and 54 °C, but not from tanks held af‘?l
to 77 °C (Wadowsky et af ,1982). But legionellae survive less well in oil and gas water, heaters
in which the heating element is at the bottom of the tank adjacent to the sediment (Jolly,1985).

Individual components of plumbing systems, such as rubber fittings and gaskets are
known to support growth of legionellae (Colbourne ¢f al.,1984; Niedeveld ¢/ af., 1986). While
a variety of metals are toxic to legionellae in drinking water, some, such as iron and zinc, can
stimulate asrowth when present in low concentrations {States ¢ «f.1985). Stout and co-
workers (1985), have also demonstrated that a combination of factors are operative in
plumbing systems. That the concentration of sediment was directly related to survival of
legionellae, and the presence of environmental bacteria also improved survival, and that these
two factors are additive,

In addition to biological factors kncwn to encourage growth of L. prenmophila in
pipe-bome water, there appear to be growth stimulating physical factors too. that are not well
defined. These factors. in addition to elevated temperature (35-45 "C).include stagnation and

obstruction, sediment formation, and the presence of biodegradable substances such as rubber



washers (Colbourne er al., 1984 Plouffe er al, 1983, Stout er' al., 1985, Wadowsky er
al ,\1982; Ciesielki e¢f al 1984, Yee and Wadowsky, 1982).

For aquatic bacteria, legionellae are surprisingly fastidious, which perhaps implies a
close relationship with other organisms. Pope et a/ (1982a) suggested symbiotic association of
L. pneumophila with axenic algae and cyanobacteria, but /. pneumophila has been isolated
from many dark habitats. Some cvanobacteria in particular, execrete amino acids and peptides
into the surrounding environment and as /.. preumophila has been grown in defined amino acid
media (Tesh and Miller.1981).such compounds might be utilized by legionellae for growth
Cyanobacterial filaments are also known to be colonized by bactena, e.g. Bacillus polymyxa.
source of the polymyxin used in selective media for legionellae. However, other environmental
bacteria, eg Pseudomonas acrugmosa, are very inhibitory to L. preumophila in vitro
(Rowbotham, 1980b). What these other organisms derive from their association with /.

preumophila is yet to be reported.

29  Pathogenicity of Legionella

Legionellae are facultative intracellular pathogens. The pathogenesis of these
microorganisms is said to be multifactorial. and critical to the phenomenon are the occurrence
of (bacterial) virulence factors. the host state of health, and the dose of infecting bacteria
(Rodgers and Pasculle. 1991).

The mechanisms by which Legionella prneumophila exhibits its pathogenicity in
producing cell and tissue damage in the lungs. and systemic illness are yet to be fully
understood. However, a number of toxins have been identified They include a hemolysin,

cytotoxins, endotoxic activity (Baine ¢r «f 1978, Friedman er. af.. 1980, Fumarola ¢t al..



1984), and a number of extracellular enzymes These enzymes. include fipases, proteases.

phosphatases, DNases. and a susbstance with chymotrypsin-like activity (Baskerville 1986). It

is also thought that extensive proteolytic degradation of important human proteins may be a

virulence factor of legtonellae. /i vive work will help to prove -

a. whether the various toxins and enzymes are responsible for tissue damage:

b. whether damage to tissues in the lungs is caused solely by free. viable L .pnenmophila
organisms and their toxins after release from the phagocytes,

¢. whether dead bacteria may provide another component such as endotoxin - in the response
(Baskerville,1986)

Critical to pathogenesis also is the health status of the animal or patient. The
compromised patients, those with chronic respiratory disease. and other conditions such as
diabetes. cancer. renal disease and immunosuppressive disorders are highly susceptible

As to the infective dose, the available literature does not provide the number of
Legionella bacteria to be inhaled to develop legionellosis. Strains virulence and individual
susceptibility appear to play an important role. Baskerville (1986) reported the possibility that
larger inhaled particles are involved in Pontiac fever and that the resulting different deposition
pattern or inoculum size may cause different pathogenesis and clinical disease. This makes the
conclusion that some host factor is invoived inescapable. Hume and Hann (1984) aiso reported
that inhalation of a single algal cell carrving /. preimophila may be an infective dose sufficient
to cause the disease (LD). Similarly, inhalation of a cyst of amoeba with legionellae when
passing through areas where soil has been freshly turned. or of aerosolized cooling tower water

may equally cause legionellosis (Rowbotham 1980b).



CHAPTER THREE

30 MATERIALS AND METHODS

3 1 Materials

-4

[ 1 Sampling equipment

1-2 litre wide-mouth screw-cap plastic bottles (BEL-ART Products. Calvernt
Industrial Supplies. Calvert. Kentucky. USA)

-Insulated container (Freeze Safe. Polvfoam Parker Corp. Wheeling. llinois.
USA)

Ice packs (Stanbel. Springfield. Massachusetts)

Thermometer

Portable pH-meter (Griffin Portable pH-meter.UK)

Portable conductivity-meter

pH-indicator paper

312 Processing equipment

Vacuum pump PCR3 (Vacuum Pump Products. Division. Radehffe. Manchester.
England)

Sonicating bath (Semicor Instrument Corporation. Capaigue. New York)

Vortex machine (WK Glasintrumente Apparate)

Incubation chambers

Filtering assemblies (Millipore Corporation)

150ml wide-mouth. serew-cap round jars
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(Kerrs Glass Manufacturing Corporation, Lancaster, Pennsylvama, USA)

¢ Filter membrane (Nuclepore Corp., Pleasanton. California, and Millipore Corp..
Redford Massachusetts)

¢ Coplin jars

e Stereomicroscope {Olympus VT-11.211892 Tokvo. Japan).

e Fluorescence microscope {AQ Vertical iftluminator for Incident light tluorescence
Microscopy, Model 2070, American Instrument Division Buffalo, NY).

» Fluocroslides and cover glass {Erie Scientific Sybron Corporation. Ohio}.

o Screw-cap test tubes (13 x 100mm)

o Assorted pipettes (Cooks Laboratory Products. Dvnatech Laboratones.
Alexandria, Virginia. USA),

e Pasteur Capillary pipettes (cat. No 7095B. Corning Glass Works. Science
Products Division. Corning, N Y).

o Microiitre pipette dropper (Glastirm, Gi. 10, W, Germany)

e Measuring cylinders

»  Wash bottles

» Round bottom flasks

o CO;-incubator (NAPCO Controlled Environment Model 5100, Portland Qregon,
USA).

e Biological Safety cabinet (LABCONCO Corporation, Glove Box Filter, Model

50014, Kansa City, Missouri, USA}).
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e Water bath (Grant Instruments [Cambridge] Lid. Barrington. Cambridge.
England)
e Assorted beakers

e Assorted measuring cvlinders

313 Processing Reagents and Chemicals
e Phosphate Buffered Saline (PBS), pH 7.6

e Glveerol Mounting Medium

KCI-HCT Butfer, pH 2.2

e Alkaline neutralizer

Sodium thiosulphate

31 4 Legionella culture media (Composition in Appendix E)

3. 1.4 1 Butlered charcoal Yeast - Extract (BCYE)

o Agar base (GIBCO Ltd . Paislev. Scotland)

wd

[ 42 Antibiotic supplements
e Polvmvxin B sulphate (Sigma Chem Co . Mo . USA)
o Anmisomvein
¢ Vancomycin

3143 Nutritional Additives
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e L-cysteine HCI (Gibco Laboratories, Life Technologies Inco. Ohio. USA).

Ferric Pyrophosphate

3.1.3 Legionefla Polyvalent Pool conjugates A, B, and C.

3.1.6 Legionella Specific Antisera for DFA Producis

o [ .hozemanii Serogroup | (WIGA lIsolate) Control Antigen for F. A ( BA 1727).

o 1. bozemaniii Serogroup | (WIGA Isofate) F{TC-Labeled Rabbit Globulin for
FA. Contains TMRITC - iabeted Rabbhit Serum (NRS) as Diluent. (BE 1859). ~

o [ gonmanti Serogroup 1 (LS-13 Isolate} Control Antigen for FA, {(BA 1781}

o [ gormanii Serogroup 1 (LS-13 Isolate) FITC-Labeled Rabbit Globulin for FA
{with TMRITC-Labeled NRS Diluent), { BE 1967).

o [ .micdadet Serogroup | (TATLOCK isolate) Control Antigen for FA, (BA
1729).

e /. micdaded Serogroup 1 {TATLOCK lsolatej FITC-Labeled Rabbit Globin tor
FA (with TMRITC-Labeled NRS Diluent), {(BE 1858).

o L. pnemmophila Serogroup | (BELLINGHAM-1 Isolate) Control Antigen for
FA. (BA 1893).

o L. puenmopinla Serogroup | (PHILADELPHIA-! [solate) Control Antigen for
FA, (BA 1629).

o [ puenmophila Serogroup | (KNOXVILLE-1 lsolate} FITC-Labeled Rabbit

Globulin tor FA (with TMRITC-Labeled NRS Diluent), (BE 1975).



L. prenmophila Serogroup 2 (TOGUS-1 Isolate) Control Antigen for FA. (BA
1630).

L. preuntophila Serogroup 2 (TOGUS-1 Isolate) FITC-Labeled Rabbis Globulin
for FA (with TMRITC-Labeled NRS Diluent), { BE 1792)

L. pnenmophila Serogroup 3 (BLOOMINGTON-2 Isolate) control Anugen tor
FA. {BA 1631),

I.. preumophila Serogroup 3 (BLOOMINGTON - 2 [solate) FITC-Labeled
Rabbit Globulin for FA (with TMRITC-Labeiled NRS Diluent), { BE 1793}

.. peumophifa Serogroup 4 (LOS ANGELES-1) Control Antigen for FAL (BA -
1652).

f. punewmophila Serogroup 4 (LOS ANGELES-{) FITC-Labeled Rabbit
Globulin for FA (with TMRITC-Labeled NRS Dituent;, (BE 1825}

{. preumophila Serogroup 5 (DALLAS-IE Isolate} Control Antigen tor FA,
(BA 1723).

L. puenmophila Serogroup 5 (DALLAS-1E lIsolate)FITC-Labeled Rabbi
Globulin for FA (with TMRITC-Labeled NRS Diluent), (BE 1926).

L. preumophily - Serogroup 6 (CHICAGO-2 Isolate) Control Antigen for FA,
(BA 1725).

L. pneumophila Serogroup 6 {CHICAGO-2  Tsolate) FITC-Labeled Rabbit
Globulin for FA (with TMRITC-Labeled NRS Diluent), (BE 1827).

L. pnenmophifu Polyvalent Pool A (Serogroups 1.2.3 and 4) FITC-Labeled

Rabbit Globulin for FA (with TMRITC-Labeled NRS Dituent)., (BE 1894).
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FITC-Labeled Normal Rabbit Control Globulin for Jegronelfa FA_(BE 1874)

Legionefla polyvalent Pool B FITC-Labeled Rabbit Globulin for Direct FA. /.
pueumophila Serogroup 5. (DALLAS *E). Serogroup 6. (CHICAGO 2), 1. dumoffi
Serogroup 1, (TEX-KL), L. longheachae Serogroup 1. (LONGBEACH 4) Contains
TMRITC-Labeled NRS Diluent), ( BE 1875)

Legionella Polyvalent Pool € FITC-Labeled Rabbit Globulin for Direct FA /.
micdader Serogroup 1. (TATLOCK). L. hozemami Serogroup 1. (WIGA). . gormani
Serogroup |, (LS-13), /.. fongbeachae Serogroup 2. (TUCKER-1) (with TMRITC-Labelled
NRS Diluent). (BE 1876}

These specific Antigens/Antisera were obtained trom Centers for Disease Control. Atlanta.

Georgia. 30333, USA

12 METHODS
121 Introduction

A total of 663 water samples were collected from various sources in all the Northern
States, including Abuja. the Capital Termtory. Figure 4-1 shows the areas covered by this
study and the location of sample sites Sampling sites were concentrated in and around the
states capitals and routes leading to and through them The choice of state capitals was
based partly on the rate of developments. including construction works, industries. hospitals.
populatton densitv and potable (drinkable) water systems. and partly because of the
concentration of man-made water environments such as lakes. dams. ponds. swimming pools

and water storage tanks



3.2.2 Water Sampling
Water samples were categorized into two main groups. namely, potable water and

raw water

3221 Potable water - this was subdivided into.
A Pipe-borne water assocuated with buildings:
| Public and private homes taps

2 hospitals taps .

-d

hotels taps

4 air-conditioning svstems

M

swimming pools
6 decorative fountains
B Borcholes

C. Wells

3 2.2 2 Raw Water - This was subdivided into
{a) Rivers. Streams and Creeks
(b) Lakes
(¢) Dams

(d) Ponds



3.2.3 Potable Water Samples Collection

(a) Potable water (‘low count’) samples were collected aseptically into pre-
sterilized. wide-mouth screw-cap plastic boitles. A 0.1ml Sodium thiosulphate
(N2,5;0;:. 5H,0) was added into each of these collection bottles to neutralize the
residual chlorine that may inhibit the growth of legionellac. Approximately 0.8m\I{
thiosulfate inactivates about 20mg/l of free residual chlorine, without toxicity to
Legionella (Edelstetn, 1984).

To loosen debris and scales within the pipes so thar to facilitate the detection of

Legionella that may be growing on the biofilm. pipes were vigorously ‘tapped on before -
samples were collected. [Large buiidings such as hospitals and hotels (because of
epidemiological considerations) were sampled 2-3 times more than other buildings.
especially if they were within easy reach, Samples (1-2 htres) were collected. and
temperature and pH recorded simultaneously. They were transported to the laboratory in
insulated containers with ice packs to prevent exposure to extreme heat. Upon arrival to the
Iaboratmy. samples were refrigerated at 4 "C. Under this condition, samples can be stored
over an extended period of time (Bopp ¢r. «/.. 1981). However, most of these samples
were processed within 4-6 weeks. while a few others were stored for much longer time.
by Water from air-conditioning systems (“high count’ water) was collected directly from
cooling towers, evaporative condensers; and one bleed point along the water distribution

lines where access to cooling towers or condensers was not possible. From closed

systems water was collected along the distribution line at release valves,
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(¢c) Samples from swimming pools and decorative fountains were coliected on the surface
with swimming pools in use. Swimming activities in a way helped to agitate and mix the
water to ensure that a representative sample was taken.

(d) Borehole samples were collected aseptically as was pipe-borne water samples.
However, there was no need for sodium thiosulphate in sample bottles. In some
boreholes, water was pumped manually directly into the sample bottles. In others. there
were overhead tanks into which water was mechanically pumped, and stored in storage

tanks, and later supplied through pipes. This latter category has additional variables such

-

as storage tanks contamination and warming up, or heating by the sun. and pipe svstem
(pipes. joints and gasket/rubber washers).

te) For the well samples, a bucket was let down and allowed to sink for about a metre. then
brought up to surface and sunk again. This procedure was repeated several times in a
bid to mix the water before finally bringing the sample out of the well. For an index of
human feacal contamination of well water. test for bacteria of coliform group was
conducted by multiple test tubes method specitied by the Standard Method lor Water

Analysis and Waste Water Treatment (APHA, 1985).

3.2.4 Raw Water Samples.

Water Samples of 2 litres or less were aseptically collected in sterile plastic bottles.
Samples of greater than 2 litres were collected in new plastic gallons each flushed several
times with excess samples, Al samples were measured for pH and temperature

simultaneously. Some were measured for conductivity. Samples not reaching the laboratory
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the same day were reffigerated over night and transported the following day in Freeze Safe
Polvfoam containers. Samples reaching the laboratory same ‘day were transported at
ambient temperature. Those not processed immediately were refrigerated at 4°C until they
were processed.

Raw water samples were. for the most part, collected at the edge of the sample
source, such as rivers, lakes, dams and ponds. However, at Lake Chad three samples were
collected assisted by the lake attendant who took us in a boat through the canal, to the edge

of and about a kilometre into the lake. Similarly at Lake Alao, also in Borno State. a

— -

fisherman helped us to collect a second sample some metres into the lake. At Kangimi Dam,
in Kaduna State, we also collected a sample some distance about 366 meters into the lake in
addition to one at the edge. Rivers, streams and creeks were running when samples were

coilected.

3.2.5 Processing of the water samples.

All samples from varipus sources were processed the same wav as described:
3.2.5.1 Procedure for Potable Water.

Each water sample was filter-concentrated 100 - 200 folds using sterile filtration unit
with a 0.2 pm porositv type polycarbonate filter membrane (Nuclepore Corporation.
Pieasanton, Carliformia U.S.A). Each sample of | - 2 litres was filtered 300 - 500ml aliquots
under vacuum pressure. At the end of each sample. the tunnel was rinsed with sterile
distilled water. The filter membrane containing the deposit from the filtered water was

aseptically removed. using sterile forceps. and transferred into a sterile 150ml, screw-cap
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wide mouth bottle containing 10ml ot the sample water for re -suspension. For the visibly
turbid and all raw water samples, the above procedure was followed, but a 0.45.m porosity
size type HA millipore filter membrane (Millipore Corporation, Bedford. Massachusetts.
U.S.A) was used to facilitate filtration. And the deposit was resuspended m 20ml of the
water sample because of the greater amount of inert materials accumulated on the filters.

Flow-chart, Figure 3- 1 illustrates the step-wise process.



Water Sample

!

Concentrate on U.2pum or 0.43.m Filter

!

Resuspend in Himl or 20mi Sampic Walter

{ Sonicit for K} ininates

W
Microscopic Screcning of Waier Sampic Using
Fluorescent Antibody Polvvalent Conjugaics.

|

Acid-tret Iml of conce. Sample for Non-acid treated sampie cultured on
I3min. and Neutralize BCYE". BCYE' Antibiotics and
BAP.

Culwre on BCYE, BCYE'
Antibiotics and BAP

Incubsation m 357°C, 2.3% CO-, in
huntid incubaior

J

Transfer Legionella - like colonics onto BCYE". BCYE'
and BAP. ‘

L

Legionella-like colonics on BCYE only are retained for
serogrouping usiig Pobvvilent & Monovalent Conjugates.

Figure 3 - |: Procedure for screening water samples ustng DFA and BCYE,
BAP = Blood Agar Plate

BCYE = Bufltered Charcoal Yeast-Extract
BCYE = BCYE plus antibictics and L-cysteine
BCYE =

BCYL without L-cysteine

50



3252 Sonication

The concentrated samples were then placed in a sonicating bath (Somcor Instrument
Corporation. Copaigue, New York) for 10 minutes to re-suspend and disperse cells trapped
on the filter membrane. For effective sonication. the water in the bath was just enough to
reach the level of the samples. When the sample bottles were placed into the bath. the caps
were screwed on lightly to allow heat to dissipate. Samples may also be vortexed for 30

seconds.

3 2.5 5 Preparation of the Antigen (Bacterial Cells)

After sonication, each bottle was swirled several times to thoroughly mix the sample
Then. using a microlitre pipette dropper (Cooks Laboratory Products, Dvnatech
Laboratories. Alenxandria. Virgina. USA), a 005ml ahquots were delivered onto a mwo
wells fluoroslide (Fluoro-Slides. Erie Scientific Sybron Corporation. Ohio)  The aliquots
were air-dried. and gently heat-fixed by passing the slide over the flame 2-3 times. (care was
taken not to over heat the slides and distort the antigens) The fixed antigens were overlaid
with fluoroscein isothiocyanate (FITC) - labeled globulin directed against that antigen  The
antigens bind the labeled immune globulins, forming antigen-antibodv complexes which will
be rer'Idered visible upon excitation of the FITC by ultraviolet light When exposed to
ultraviolet light (500nm), FITC emits longer wavelength of light in the vellow-green
(500nm) portion of the colour spectrum. and the Legronella cells are observed as brillianthy

fluorescent yellow-green rods



52

254 Preparation of DFA Staining bufTers
A Phosphate buffered Saline (PBS), pH 7.6. (0 01M buffer. 0.85% NaCl).

Concentrated stock solution of this butfer was prepared by dissolving three salts

Na>HPO,; (anhydrous reagent grade) 12.56g
Nal,PO; (reagent grade) 1.80g
and NaCl (reagent grade) 85 00g

1.000ml

in distilled water 1o make final volume
Working solution (pH 7.6 0.01M buffer. 0.85% NaCl) was prepared bv adding

100ml of concentrated stock solution to 900mi of distilled water to make 1.000ml This

final volume was dispensed in a wash bottle tor use

B (hveerol Momnng NMedimm Preparation

Buffered saline (carbonate-Bicarbonate)

BufTer pH 9.0 [0 5M]| | part

Glycerol (glycerin) neutral 9 parts
Carbonate-Bicarbonate butter was prepared by mixing 4 4 mi 0.5M Na.CO: (or 3 5¢ in
100ml distilled water) with 100ml 0.5M NaHCO: (or 4 2¢ in 100ml distilled water) The pH

of the mixture was pH 9 0. Addition of 0 5M Na.C0O: may be required to adjust the pH

o
i\l

255 Direct fluorescent Antibody (DF.A) Staining Procedure.

This most widelv accepted. convenient and rapid laboratory test for confirming a

suspected Legionella isolate (McKinnev ¢7 of. 1979, Cherry and McKinney, 1979, Koneman
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er «l.. 1992) employs Legionella polyvalent antibody conjugates.  Polyvalent pool A
identifies [. preumophila serogroups 1,23 and 4. Pool B detects L. premmophila
serogroup 5 and 6 as well as /.. dumoffii serogroup |, and [. longheachae serogroup .
Pool C on the other hand detects /.. micdadei serogroup 1, [.. bozemanii sergroup 1. L.
gormanii serogroup 1. and L. longheachae serogroup 2. Pre-immune serum conjugate with
FITC was used as a negative control. Each conjugate was tested against its specific antigen
as a positive control. A water sample containing /.. preumophila serogroup | (ATCC
33152, American Type Culture Collections, Rockville. Maryvland) was included as an
additional positive control. {DFA conjugates were kindly supplied by the Biological .P'rodu‘ct .
Division, CDC, Atlanta, USA).

All preparations including antigen controls were stained by covering the smear
nearest the frosted/labeled end of the slide with [-2 drops (0.05ml) of the negative {control)
conjugate. The remaining smears were covered or stained with 1 - 2 drops of the dilution of
each of the polyvalent conjugates 1o be tested. Then the slides were incubated in moist
cﬁamber. at room temperature tfor 20 minutes, At the end of the incubation pertod. excess
conjugate was removed by gently tapping the slide edge against a tissue towel.

The smears were washed with a stream of PBS from a wash botile while slides were
held horizontally with the long edge tipped downward. Then slides were immersed in PBS
in separate coplin jars for 10 minutes. Then the slides were briefly washed with running
stream of distilled water. air-dried and mounted with buffered glvcerol. The mounted slides
were examined with a fluocrescence microscope. Each sample preparation showing specitic

staining was tested with the negative contro! conjugate to ensure that the observed reaction
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was serologically specific.  This protocol was followed for all preparations of samples for
type specific (monovalent) staining. The procedural outline for the staiming process is

presented in a flow-chart, Figure 3 - 2
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Concentrated Sampl¢

|

Air Dried and Heat Fixed

1

! - 2 Drops FITC Polyvalent Serum (A.B. and C)

l

Hunnd Incubation 20 nif .z

w

PBS Rinse and PBS Soak 10 min

l

Distilled Water Rinse and Air-dried

Buitered Glvcerol Mount

J

Microscopic Observatiof

Figure 3-2 . Direct Fluorescent Antibody Staining Procedure Flow Chart.



56

3.2.5.6 Microscopic Examination of Stained Slides:

Slides were examined under the 10x to 40x objective of a binocular fluorescence
microscope (AQ Vertical llluminator for Incident Light Fluorescence Microscopy, Model
2070, American Instrument Division, Buffalo, NY) for visible uniformly sized dots. Upon
selection of areas of the smear where organisms were present, the objective was switched to
63x oil immersion, for rapid screening. The bacteria became visible as short to long rods
(0.3um to 0.9um by 2um and up to 20um) or clumps of cells showing sirong peripheral

staining with darker centres. The observation was confirmed using 100x oil immersion

- -

objective whereby the bacteria fluoresced yellow-green around the entire periphery, thus
confirminy the observation. A sample was considered positive if a smear contained brightly
fluorescing bacilli that were compatible morphologically with legionellae (Evans and
Winn, Ww.c. 1981; Yakubu and Pass, 1983; Negron-Alvira ¢f af., 1988). In some samples
the number of fluorescing cells with morphological characteristics of L. prenmophila was
- counted w the smear or per well (of 0.05mt of sample concentrate), and the number of
staining L. preamophilu per litre of unconcentrated sample was determined.

Scoring of fluorescence intensities was based on CDC standard {Wilkinson, 1986),

and recorded thus:

4+ = brilliant yellow-green staining of bacterial cells (very strong fluoresce;nce)
3+ = bright yellow-green staiing (strong fluorescence)
2+ = definite but dim staining {weak fluorescence)

- 1+ = barely visible staining (very weak fluorescence)

- = no staining
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PBS control without conjugate was used as a guide

3.2.5.7 Pre-treatments

Acid and heat pre-treatments were used to reduce unwanted microbial flora. Acid
pre-treatment was based on relative resistance of Legionella to low pH of 2.2 on short
period exposure (Wang ef af., 1979). The heat pre-treatment relies on the greater tolerance
Legionella preumophifa has to a temperature of 50°C in companson to other
microorganisms isolated from environmental water sample (Dennis ¢ of., 1984). Both

methods were used as a matter of convenience and to determine which was the most

effective.

A. Acid Pretreatment Method - Acid Buffer (pH2.2
Preparation of the reagenis:
Reagent A.
0.2M KCI{14.9gnv/1. in Distilled water).
Reagent B,
0.2M HC! (16.7ml/L in Distilled water).
To 18 parts of solution (A) | part of solution (B) was added to form KCl - HCI butfer, pH
2.2, The pH of the solution was checked against a pH 2.0 standard butfer. A 0.5ml sample
aliquot was added to 4.5ml diluent containing a 0.2M Kl - HCI butter (pH 2.2) to achieve
a 1:10 dilution {Bopp ¢f a/., 1981, Buesching ¢r. a/.. 1983). This was then mixed with a

vortex mixer until a homogenous suspension was effected. The suspension was incubated at
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room temperature to allow a total contact time of 15 minutes with the acid solution
(Gorman and Feeley, 1982). The suspension was then neutralized with 0.1N KOH so that
the final pH was 6.9 (Gorman and Feeley, 1982). The samples were then inoculated onto

agar plates as described earlier.

B. Preparation for Newrralizer - 0. 4N KOH.

To 1L of distilled water, 6.46gm of KOH was added (weight may vary with purityv of
the reagent) The working solution was prepared by diluting 10.7ml of 0.IN KOH with
distilled water to yield 100ml. The solution was dispensed into screwcap I;Jbes in
convenient volumes and sterilized by autoclaving (at 121 °C for 15 minutes). A [.0m] of

neutralizer (KOH), was then added to 1.0ml of acidified buffer that had been mixed with.

and incubated for 15 minutes, 1.0ml of vortexed specimen suspension.

C. Heut Pretreatment Method:

| From sample concentrate. immediately atter sonication 10ml was taken and placed in
a 50 °C water bath for 30 minutes. The heated sample was mixed well and 0. 1ml aliquot
was spread on to agar plates. Both pretreatment methods were emploved to enhance

1solation from “high count” (Dennis er /., 1984) and trom well water sampies.

3.2.6 Preparation of Buffered Charcoal Yeast-Extract (BCYE) Agar:
The BCYE agar used for this research was procured from GIBCOQ. Laboratories.

Life Technologies. Inc.. Madison, Wisconsin, USA, and GIBCO. Lid. Paisley. Scotland.
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England. The final concentrations per litre of the medium is shown in Appendi# E. The
medium was prepared as described by REMEL technical information manual (1982) by
adding 39.0 grams into one litre of defonized water. This was dissolved by boiling and.
neutralized by adding 40ml IN KOH prior to autoclaving. The boiling was gentle with
frequent swirling to keep charcoal in suspension and prevent charring.

The medium was autoclaved at 121 °C, 15Lb pressure for 15 minutes and cooled to
50 °C in a water bath. Then 5.0ml of sterile deionized water was added to | wial of L-
cysteine HCl and 1 vial of Ferric pyrophosphate. Each was swirled to dissolve. The
contents of the L-cysteine-HCI vial was added slowly to the cooled BCYE-alpf;a first.
followed by the contents of the Ferric Pyrophosphate vial. The vial of the lyophilized triple
antibiotics PAV (polymyxin-B, anisomycin, and vancomycin), was reconstituted with 3.0mi
of sterile deionized water and added into the tlask of BCYE-alpha medium. The final pH
was adjusted. (using sterile IN KOH) to pH 6.9 £ 0.05. The cooled medium was dispensed
{20ml/plate) aseptically under the biological safety cabinet (LABCONCO Corporation,
Gl-ove Box filter, Model 50014, Kansas City, Missouri} into sterile 15 x 100mm petrt dishes

while periodically swirling the contents of the flask 1o keep the charcoal particles suspended.

3.2.7 Plating and Incubation

Each bottle of concentrated sample was swirled several times to mix the suspension.
Both acid and heat-pretreated samples were plated by inoculating 0. [ml aliquot. with sterile
pasteur pipetie onto two plates each of BCYE-alpha with L-cysteine and BCYE-alpha

without L-cysteine, and antibiotics (PAV). The inoculum was spread evenly over the
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surface of each plate using a sterile spreader. A PAV plate without L-cysteine was used as a
negative control.

Plates were then incubated at 36 "C in candle extinction jars in a humidified incubator
(NAPCO Controlled Environment. Model 5100, Portland Oregan USA) and about 2.5
percent carbondioxide (Gorman ¢f «f | 1983; Remel. 1982). Two uninoculated plates were
also incubated atter being momentarily opened to check protocol and possible contamination

and ensure purity,

3.2.8 Quality Control:

The pertormance ot the BCYE-alpha medium can onlv be ascertained by the growth
characteristics of the Legionnaaires™ disease bacterium (Gorman and Feeley, 1983 Remel
1982), In this work it was demonstrated by the growth of /. prenmophila serogroup 1
(ATCC 33152) used as a guality assurance control to evaluate protocol. L. pnenmopiila
{American Type Culture, Parklawn Drive. Rockecastle, Maryland USA) was obtained in a
fréeze-dried preparation. It was rehydrated under strict safety precaution, and transferred
into half-strength BCYE-alpha broth (5ml BCYE-alpha agar + Sml deionized sterile water).
The procedure was carried out under maximum safety precaution and in a biological satety
cabinet. From the broth, a sample was taken and processed the same way, as water samples,
then inoculated onto one plate each of BCYE-alpha, unsupplemented (without L-cysteine

HCT). BCYE-alpha suppiemented with antibtotics. and blood agar plate.
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3129 Interpretation of Plates:

Plates were examined after 48 hours of incubation and every 24 hours thereafter for
7 to 12 days. BCYE-alpha plates were observed microscopically with the aid of
stereomicroscope (Olympus, VT-I1, 211892, Tokyo. Japan). and obhique light for colonies
with morphology similar 1o that of Legionelle bacteria white, glistening, convex, circular,
entire. and from about 2 to 3mm in diameter with a “‘ground glass’ appearance. Colonies
with these morphological characters were further examined with long wave ultra violet light
for blue-white fluorescence. At the time of each reading, all colonies that were
morphologically consistent with Legionella species were sub-cultured, using heavy inocula
to triplicate plates, BCYE-alpha with and without L-cysteine, and blood agar. . Those
isolates showing growth on BCYE-alpha but no growth on bload agar after 2 - 5 days of
incubation were presumptive Legionella species. Repeated subculture was made of suspect
colonies which consistently grew on both BCYE-alpha with and without L-cysteine. but fail
to grow on blood agar plates. Legionella characteristically fails to grow on blood agar, and
require L-cysteine HCI for growth. However, L. jordanis and 1. oakridgensis are known to
lose their requirement for L-cysteine on subculture (Orrison ¢/ «f. 1983b),

Suspect colonies were further examined with species-specific antibody conjugates as
a final confirmation of the organisms. However reaction of the isolates with the DNA probe
was also attempted but hampered by the lack of adequate Gamma Counter, and a short-half-

life of the kit.



CHAPTER FOUR
4.0 RESULT

A total of 663 water samples from various sources of both raw and potable
water were processed and screened for the presence of Legionelluceae. Samples collection
map (Figure 4-1) shows the major rivers, lakes and dams. towns, and cities in and around
which samples were collected. From these sources. including creeks, streams and springs,
246 raw water samples, (37.1%) were collected, processed and screened for Legioneilae.
However, the map does not incfude potable water sample collection sites for the 417 samples

( 62.9%) collected.

4.1 Results of Potable Water Samples.

Four hundred and seventeen potable water samples (417) were processed and
screened for Legionefla bacteria. Legionella-like cells were detected in all ([00%%) waters
from public and private taps, all air-conditioning systems, and all well water samples. Water
samples from hotels and swimming pools were 96% (23 of 24) positive for Legionelloe while
samples from hospitals were 94295 (50 of 53) positive.  However, borehole water samples
wete only 42% (10 of 24) positive for Legionella-iike bactena.

Table 4-1 gives a summarv of the parameters of the samples recorded trom
the vanous sources. The mean pH was slightly acidic in all "habitats.” (pH 5.4-6.4). The
range was equally narrow at between pH 4.5 to 7.3, On the other hand, temperature protile
provided a wider range ot 20 to 33 “C. while the mean range was 21,8 to 32.4 “C. Most
swimming peols had warmer temperatures and slightly less acidic water than most other
sources. The mean pH for barehole water was more acidic (pH 5.4), than those of other

sources. The lower pH range for both borehole and well water was equally acidic (pH 4.5),

62



-

— s .,,_-v-v—-.t___

N\

o ¥ A p—

& pedient Capiiel A‘
B pien Coptel / Tuwa
—

Powns

v e i
o —atmin pesperian

Fig.4+<1 DISTRIBUTION OF SAMPLE SITES FOR LEGIONELLA STUDIES IN NORTHERN NIGERIA




001

96
001
96
ro

00l

sajdwies aansod o,

S0l

811
NSO

sajdwieg jo oN

PASAION = IN

S19§oRIQ Ul umoys aue sapdwes [2101 A1 JO SITLIUIIID , 4

JJqE) UO PIISI| SAVINOS ||B PAPN|OUL JOUIIUIAUOD J0J APNIS Sl Ul 121BM J|qRIO] . ION

IN
AN
AN
IN
AN
IN
AN
ANALDNPUO, )

ueapy

JduddSAIONJOUNUIUI| 19311 Aq

¥ 6T

06C

§ 8C
dwa

uedp

o
O

L

v o

AN

09

Hd ueapy

(T'sT) ol
(8S)pT
(8€) T
(tolzy
Tz s
(LTl gs
(£'87) 811

+»x(% ¥)

sajdwes jo oN

L1t = sojdweg @10
RNEA [P

RIB A 2j0yai10g

$|00d Fuinwimg

RIBAL WIISAS PUO)-IIY
1218 [210H

1A sjendsopy

(sawop pue a1gny) sde |

a0inog djdweg

VT EINOTYAT 110 92uasaud a1 SHmoys SIengep| 012 Ay qRIO JO 05 Pui sDNSHIDDRIBLY ) [RIUDD-00ISAL (] JO AlRwiung $1jnsay | - ¢ Iqu ],



4.1. 1.1 Potable Water Sources and Relative Abundance of [egioneli Species by

Polyvalent Pool Reaction

The results of polyvalent pool conjugate reactions of selected water samples are
summarised on Table 4-2. Ali the pool conjugaies A B. and C fluoresced with cells of
Legionella characterstics in all the samples tested. Howevet, pool B, and C had 4 and 3
samples respectively, which did not exhibit any cells of Legionelia morphology.

With polyvalent pool A conjugate. all samples were tested positive with fluorescence
activity ranging from 2+ 10 4+ intensity,  Six results of 4+ fluorescence intensity were
recorded one each from Abuja Hotel A tap, Bauchi public tap, Bomo Rest House tap,
Kaduna Hotel A cooling tower, Katsina College ancient well. and Jos public well. There
were 13 (3+) strong reactions recorded m Abuja Hotel B bathroom. Bauchi Hot‘el B
reservoir, Bomo ! well, | tap. and a hotel shower, Kaduna college tap, Kano public well,
Katsina College well, liorin pubiic well. Minna public tap, and Jos Hotel A and B taps. The
rest of the reactions (21) were of 2+ intensity (Table 4-2). Thus /. puenmophila serogroup
1,2,3, and 4 prevailed in all sampled sites.

Under polyvalent pool B conjugate ali samples, except a hotel shower in Maiduguri,
a“oollege tap in Kaduna , a public well in Tegina and a borehole in Sokoto, fluoresced with
Legionefla-like cells. The samples from Hotel B reservoir in Bauchi and a coliege tap in
Yola recorded fluorescence activity of 4+ intensity. Eleven other sampies, 3 from Abuja, 3
from Bauchi, ! from Kaduna, 2 from Katsina. 1 from Jos, and | from Sokoto fluoresced at
3+ level. Most of the samples however, recorded weaker fluorescence activity. There were
14 2+ and 9 1+ reactions observed. The positivity rate was 90% representing, larvely /..
prenwmophila serogroup 5 and 6, in combination with L. dumoffii, and 1. fongbeachae

serogroup |. Four samples from four states did not show fluorescing Legionella-like cells.
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Similarly. for polvvalent pool C. the species ol the group occurred in 92.5% of the
samples  These species are 1. hozemann, 1. gormaniu, 1. micdader and 1. longbeachae
serotype 2 Fluorescence activity observed could be attributable to anyone or all of the
members.  Strong fluorescence of 3+ and 4+ level were observed less frequently  Only one
public tap fluoresced 4+ level in Borno state. At 3+ intensity level 10 samples were observed
These were samples from Hotel B bathroom tap n Abuja . a hotel shower in Maiduguri,
Hotel A and B cooling tower and bathroom tap respectively, and a college tap in Kaduna.
Katsina college well. a public tap in Offa. Hospital B shower and a public well in Jos. and a
public well in Sokoto. The majority of the samples however. gave weaker fluorescence
ntensity of 2+ (13)and 1+ (13) Three samples from Bauchi did not show any fluorescence

of Legionella morpholoay (Table 4 2)



Table 4-2 Results Jlm'g@gﬂa_l_’mvalem Pool* Reaction on Selected Potable W

Sample Source

Hotel A hot tap

Hotel B Bathroom tap
Hotcl C lobby 1ap
Arr-port tap

Public tap

Hotel A Swimnung pool
Hotel B Reservorr
Hotel C 1ap

Hotel € shower
Public tap

Public well

Public well

Public tap

Rest House 1ap

Hotel shower
Hospital tap

College ap

Public well

Hotel A Cooling tower
Hotel B Bathroom 1ap
College wap

Nursing home tap
Public tap

Public well

Hospnal tap

Market tap

Ancient well

College well

Hospital tap

Public well

Public tap

Stte

FCT
FCT
FCT
FCT
BA
BA
BA
BA
BA
BN
BN
BO
BO
BO
BO
GG
GG
GG
KD
KD
KD
KD
KN
KN
KN
KN
KT
KT
KT
KW
KW

Samples by Direct immunofluorescence Techmque

67
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Table 4 - 2 (Connnped)

Sample source Stne Pool
A B (

Public well NG 2+ 0 |+
Public tap NG A+ 1+ 2+
Hospual A wp PL 3+ 2+ I+
Hosputal B shower PL 2+ 3+ 3+
Public well PL 4+ 2+ 3
Hotel 1ap 2 3+ 2+ 2+
Borchole SO 2+ 1] J+
Public tap S0 24 3+ %
Public well S0 2+ 2+ 3+

States: FC = Abuja. BA = Bauchi. BN = Benue.  BO = Borno.
GG = Gongola. KD = Kaduna. KN = Kano, KT = Katsina.
KW = Kwara. NG = Niger, PL = Plateau, SO = Sokoto
*Poly Pool A = 1. prenmophila serogroups 1.2, 3 and 4
B = /. pricremophila serogroups 5 and 6.
L. dumoffii serogroup 1. and /.. logheachae serogroup |
C = L. micdader serogroup |, L. bozemanit serogroup 1.
I gormanii serogroup 1. and 1. longheachae serogroup 2
** On a scale of 0 - 4+
0 = no fluorescence
4+ = brilhant vellow - green staining of bactenal cells.
3= = bright yvellow - green staining
2+ = definite but dim Staimng

I+ = barely visible staining.
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4.1.2  Ubiquity of Legionella spp _as Shown by the Resulis of Polyvalent Pool Conjugate
Reactions, |

Figure 4-2 illustrates the ubiquity and mean occurrence of Legionclla species in all the
states. and the degree of fluorescence activity by polyvalent pool conjugates. Katsina State had
the highest mean occurrence of 63.9%. tollowed closelv by Abuja and Plateau with 62.5%
each. Four other States. Borno, Kaduna. Kwara and Bauchi, had 58.3%, 56.3%. 54.2% and
30% occurrence respectively, The rest of the States had less than 50% mean occurrence with
Niger State having the lowest mean of 37.5%, followed by Benue with 4].7% mean
accurrence.  Others are Kano State with 45 8% and Gongola and Sokoto States with 47.2%

mean occurrence each.
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Fig. 4-2.
Summary of mean occurrence of Legionella species in Potable
water systems as shown by the Results of Polyvalent Pool
Conjugate Reactions.
70

8

% of Positive Samples / state
&

8

10

FC BA BN BO GG KD KN KT KW NG 28 SO
States

FC = Abuja,  BA = Bauchi, BN = Benue, BO = Bomno,
GG = Gongola, KD =Kaduna, KN = Kano, KT = Katsina;

KW = Kwara, NG = Niger; PL = Plateau, SO = Sokoto
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4.1.3 Population Densities of Legionella Species By Polyvalent Pool Conjugates

Some samples from most States (8) and Abuja were screened and analysed by DFA
to microscopically quantitate fLegionelle species and serogroups identifiable by the three
polyvalent pool conjugates. Of the 39 samples that were screened by Pool A conjugate. 22
samples (56.4%) had cell densities of 10° cells per m! {Table 4-3). This number comprised of
13 taps, 3 swimming pools, 2 showerheads. 2 wells, 1 fountain. and 1 reservorr. (Cell
densities of 10° /ml were observed in 6 taps. 4 wells. 1 showerhead, and ! air-conditioning
{A/C) line, while another sampic from a tap. & well, and an A/C cooling tower recorded 107
cellyml. Yet another A/C cooling tower had the highest cell density of 10°. The lowest cell
density of 10* was recorded in one sample from a tap in Offa, Kwara State,

Similarky polyvaient pool B conjugate recorded ceil densities of 10’ celIs/m'l in 23
samples (59.0%) from 10 taps . 5 wells. 3 swimming pools, 2 A/C cooling towers, | shower,
1 reservoir, and | decorative water fountain. Seven samples (17.9%) from 6 taps and |
shower-head had cell densities of 107 cells/mt while the remaining five samples of 2 wells, 2
taps. and 1 A/C line showed cell densities of 10%/ml. Four samples of 3 taps, and a
showerhead apparently did not have fluorescing cells of Legionella morphology .

‘ With pool C. 19 samples (48.7%) from 7 taps. 4 wells, 3 swimming pools, 2
showerheads, 1 decorative fountain, | cooling tower and 1 reservoir had cell densities of 10°
/ml. The lowest density of 10* cells per ml was recorded in 8 taps and 1 shower. Highest
cell densities of 10° were recorded in 8 samples from 3 taps, 3 wells and 2 A/C system.

However, 3 samples from 3 taps, | in Argungu, and 2 in Jos did not fluoresce with cells of

Legionella morphology.



Sample Source

System and well water

Hotel A fountain
Hotel B S/Pool
Hotel € 5/Pool
Hotel B ap
Hotel B shower
Hotel B Reservorr
Hotel A S/Pool
Hotel A ap
Hotel C A/C line
Hotel C shower
Town well

Hotel Shower
Damaturi tap
Potiskum Townwell
Rest Honse 1ap
College Tap
Brival well
Garkida Townwell
Hosp Tap

B well

Hotel A C/Tower
Hotel B C/Tower
College wp

Orth. Ward tap
llorin tap

Offa tap

Shao well

Hotel C uap
Hosp A tap
Hosp. B tap
Hosp. C tap

State

FC
FC
FC
BA
BA
BA
BA
BA
BA
BA
BN
BO
BO
B
BO
GG
GG
GG
GG
GG
kD
KD
KD
KD
KW
KW
KW
Pl
PL
PL

Table 4 - 3 LLGIONELLA Population Densities by DFA

Polyvalent Pool Conjugates of Selected Water Distribution

e

Polyvalent Pool* Conuigates

A

JAa 10
1.2'x )
i3xin
Thao
RATRE [N
458107
4100
27N 107
AR 07
ihoa

HON10°

268107

i.2x I}

2 x |

TAN Y

248 107
AR e Y i
2851
2.0x0’

%

23x 10
~

Tax [0

Ry 10

F6a "

I8~ 107
20N 100
i

i 3x 10

20N 1)

B

I
-

5510

T3Ix Q0

1 ¥~ 10
1410
35810
o0

23ax 10

2.6 N 10

19X 10

1.2 x 107

o100
1.2 x WY
13y W

42810

23x 10

20x 10
23x 107
2400
25x WY

11 x

12x 1007

1.2x 10

Lo I
L3y
1L3x 1

3.25 00

[.3x 10

ax10

{
20x10
24810
Jox [0
1L.2x 1Y
1.3y 10!

28\ 107

Iy 00

I~ [

bt

9x
25x 1
4.2 x 100
I4x
42800
14x 100
1ox oy

14x 10

13x 10

22500

13107

L4 x J0

201X 107
25%x 107

34N 00"

26x 10

4
2.1 x10°

22x10°

368 N

1o 10
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Table 4 - 3 Contimuced

State Polvvalent Pool* Conjugates

Hosp. D ap PL 24N 10 - L4y 10
Town well PL 46x10 (NEh 3410
Compan tap PL 238 10" 1.6 x 10 125 00°
Hotel tap SO 16X 10 288 107 16N 10
Hosp. tap SO L4810 22x 10" 2 7x 100
Argungu tap S0 2.3x Iy L1~ -

Jega tap S0 [2x 10 16N 10 Lox 10
Yelwa tap SO J4n 00 26 x 10 Lix 1y

*Polyvalent Pool A = L. preumophila serogroups 1.2, 3. & 4

B = I. ppewmophila serogroup S and 6. /.. dumoffii serogroup |1,

and L. longheachae serogroup 1
C = L. micdader serogroup 1. 1. bozamanii serogroup 1.
L. gormanii serogroup 1. and /.. longheachae serogroup 2
** States: FC = Abuja. BA = Bauchi. BN = Benue. BO = Borno.
GG = Gongola. KD = Kaduna, KN = Kano. KT = Katsina,
KW = Kwara. NG = Niger, PL. = Plateau, SO = Sokoto
*** Counts were based on microscopic observation of

fluorescing cells of  Legionella morphology in 0 05ml. sample

concentrate and reported as the number of fluorescing cells/ml
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414 Monovalent Conjugate Reactions and Relauve Abundance of LEGIONNELLA

Bagteria:

These results by DFA (Table 4-4) illustrate the ubiquity of /.egionellacede in
domestic water systems, The prototype species of the genus Legionella, 1. prenmophila,
was predominant in all of the sites sampled. All of its first 6 serotypes were detected in
67.9% of the samples. The other 3 species, namely, . L. bozemurii L. gormenii, and 1.
micdadei were detected in 61.7% of all the samples tested.

On each species, 1. pueumophila serotype | was the most predominant. 1t was
detected in all the samples tested. 1t demonstrated the strongest staining {4-+) in six samples:
a public well and a rest house tap in Borno, Hotel A cooling tower. a college tap and a
Nursing Home tap in Kaduna, and a public well in Plateau. Staining reactions of 3+ in\tensity
were observed in 14 samples, one at least from every State except Kaduna. Public taps had
the highest number of 7 samples, followed by 3 hotels, 2 hospitals an;i 2 \_A‘;eus, Weak
staining reactions of 2+ intensity were recorded from 17 samples collected from 7 hotels. 6
wells, and 1 each from a hospital. reservoir, swimming pool and a public tap. There were

~

however, 3 very weak staining reaction of 1+ intensity observed in 2 public taps and a
Lorehoie,

L. pnenmophila serotype 3 was second in abundance; it had the least {(4) number of
negative samples, Two very strong staining reaction of 4+ intensity were observed, one from
Hotel C in Bauchi, and the other from a public tap in Kano. Ten of its strong staining (3+)
came from 3 hotels, 2 hospitals, 2 wells, | cooling tower, 1 reservoir, and a tap. However,
the greater number of samples (24) stained weakly (2+) or very weakly (1+). Of the 2+

staining reactions, 6 came from hotels, 4 from public taps, 3 from wells, and one each from

borehole water, swimming pool water and nursing home tap water. The remaining 7 samples
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that were of 1+ fluorescence staining were drawn mainly from public taps (4), two wells
and a hotel tap. The total nurmber of positive samples were 36 or 90%. Four samplés that
did not show anv cells of Legionella characteristics came from two wells, and a hotel and a
public tap (Table 4-4),

L. pneumophila serogroup 4 was third in relative abundance even though it had five
more strong reactions than serogroup 3. Very strong staining fluorescence reaction was
recorded for a tap in Bauchi and a well in Benue and Katsina. Strong staining (3+) was
recorded for 15 samples: 5 public taps, 3 wells, 3 hotels taps, 2 hospitals taps, 1 cooling
tower and a swimming pool. The 2+ weak staining fluorescence cells were observed in 10
samples from 3 hotels. 2 hospitals. 2 taps, 2 wells and a reservior. Lastly, 5 weaker (1+)
staining reactions comprising of 3 wells. 1 1ap. and a hospital shower-head weré also
recoreded, thus giving this serotype a total of 33 positive samples (82.5%)as recorded in
Bauchi Hotel C showerhead. Three strong (3+) reactions were recorded also. Two of these
samples came from Bauchi Hotels B and C. while the remaining one was recorded from a
market tap in Kano. Most of the results were weak staining (2+ and 1+) The 2+
fluorescence were recorded n 14 samples, 8 of which were from public taps, 2 from wells, 2
-from hotels, 1 from a hospital and 1 from a cooling tower. Eight samples fluoresced at 1+
ievel. Four of these samples came from welis, and two each from hospitals and hotels. The
rest of the 14 samples (35.0%) tested negative.

Serogroup 6 showed 12 samples which fluoresced 3+ level. This serotype seemed 1o
predominate in Katsina (3), Sokoto (2) and Abuja (2). The remaining 5 strong reactions
came one each from Bauchi, Benue, Gongola, Kaduna and Kwara. Four other samples
stained 2+ intensity, one each from Bauchi, Borno, Kwara and Niger States. A well water

sample in Jos stained weakly (1+). Majority of the samples, 23 out of 40 (67.6) were tested
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negative although over halt’ (15 of 23} were positive at polwvalent pool B comjugate
reactions.

The least positive reactions were recorded in /. preumophila serotype 5 (Table 4-
4). where only 11 samples (27 5%) tested positive Of this number. one 4+ fluorescence
staining was observed in Borno well water sample. while a market tap in Kano and a college
well in Katsina stained 3+ level. The other 8 positive resulis were weak. 2+ fluorescence was
recorded for a hotel sample from Abuja and Bauchi. a hospital sample from Gongola. and a
well sample from Jos. Similarity, I+ staining reactions were recorded in Abuja (2 samples). a
hotel in Bauchi. and a well in Katsina  Of the majority of samples which tested negative (29
or 725%). over hall’ (15 of 29) of them were tested positive with polvvalent pool B
conjugate. 1. longheachae serogroup | and 1. dhumoffii were not tested due 1o Jack of type-
specific antisera (Table 4-2)

Of the other Legionella spp that were tested. /. gormann predominated It was
observed in 85.0% (34 of 40} of the water samples tested from all the States (Table 4-4)
There were 12 strong staiming reactions observed n 9 States  Kaduna had the highest
number of 3 with one college 1ap staining 4+ and. Hotel A and B 3+ level Niger and Plateau
states had 2 samples each A well and a tap samples stained 3+ in Niger while Hospital A
and a well in Plateau fluoresced 3+ mtensity.  Other States had one sample each Bauchi
State Hotel B reservoir stained 3+, Bomo State hotel shower was remarkablv positive (4+).
Gongola hospital tap fluoresced 3+, a market tap in Kano and a well in Sokoto also stained
3~ intensity. The remaining 22 positive samples stained either 2+ (18) or 1+ (4) intensity
The 2+ level were from 7 public taps. 5 wells, 3 hotel taps. 2 hospital taps and a nursing
home tap The 1+ level reactions were observed in Hotel A sample in Abuja, a well in

Benue. and a well and a tap in Kwara State  Of the 6 samples that tested negative, 2 samples
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from Hospital B shower in Plateau and a borehole from-Sokoto were positive at Polyvalent
pool C conjugate reactions, (Table 4-2).

L. micdadei was second 1in relative abundance; 82.5% of the water samples tested
positive (Table 4-4). Seven of'its strong staining reaction (3+) came from Abuja Hotel B and
Airport tap. Borno rest house and a public tap. a well in Benue with very strong reaction
(4+), a nursing home in Kaduna and a College well in Katsina. The remaining 26 positive
samples stained 2+ (22) and 1+ (4) fluorescence. Of the 22 fluorescing samples, there were
8 public taps, 3 hospital taps, 8 wells, 2 hotel taps and a reservoir. The 1+ staining reactions
were observed in Abuja (1), Kaduna (1) and Kano State (2). Seven other samples tested
negative; however 2 of the samples were positive previously at pool C conjugate reactions
(Table4-2). The least prevalent of all Legionella species, L. hozemanii was detected ié\ only
17.5% (7 of 40) of the water samples with fluorescence intensity of 2+ in only | hote! sample
from Borno, while the remaining 6 samples stained I+ level. The majority of the samples

(82.5% Or 33 of 40) tested negative {Table 4-4).
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415 Summary Distribution of Legionella species in the Northern State’s Potab

Water Samples by Species Specific Conjugates.

e

A summary of the mean oceurrence of all Jegronello species per State is shown
in Figure 4-3. The highest percentage of occurrence of all spp (except L. bozemariry was
recorded in Katsina State with the mean occurrence of 88 9%  This is followed by

Gongola and the Federal Capital Ternitory, Abuja with occurrence of 77 8% each. also

72.2% accurrence was recorded in Benue State  Six other States with frequency of

occurrence —~ 60% were as tollowing Bomo and Kwara 66.7% each. Kano. 63 9%,
Niger and Plateau. 61 1% each. and Bauchi State which recorded 60 0% mean
occurrence  The last two States. Kaduna and Sokoto. with the least accurrence recorded

52.8% and 51 9% respectively
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p Figd-3

Mean Summary Distribution of Legionelfa Species in the
Northern States Portable Water Samples by DFA,

70

g

&

% of Positive Samples | State.

g

10

FC BA BN BO GG KD KN KI KW NG PR SO
States

FC = Abuja, BA = Bauchi, BN = Benue, BO = Borno,
GG = Gongola, KD = Kaduna, KN = Kano, KT = Katsina,
KW = Kwara, NG = Niger, PL = Plateau; SO = Sokoto.

DFA = Direct Fluorescence Assay




4.1.6 Relative Abundance of Legionelia Species and Serogroups in all the States:

A comparison of the relative abundance of L. prenmaphila serogroup 1 through
6 and 3 serogroups of other legioncllae in all the Northern States 1s illustrated on Figure
4 - 4. 1. pneumaphila serogroup (. the prototype serogroup was detected in all samples
from all the States (100%). It was followed by serogroup 3. detected in 335 of 40
samples (87.5%), serogroup 4 was present in 33 of 40 samples (82 5%). In decreasing
order of occurrence, serogroup 2 was detected in 23 of 40 samples (57.5%). followed by
serogroup 6 which was detected in 42.5% of the samples. The least detected of all,
serogroup 5 was only positive in |0 samples (25%).

Of the other legioneliae. /. gormeanii was the most abundant species, with 85%
positivity, followed by /.. micdades with a positivity rate of 82.5% (33 of 40), whiie'the
least dominant species, /.. hozemainii was detecied only in seven samiples, representing

17.5%.
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Fig. 4 - 4.

Mean Relative Abundance of Legionella pneumophila and other
Legionelia in Potable Water Samples in all the States by Direct
fmmunofiuorescence Technique.

% of Positive Samples in all States.

1 2 3 L] 5 6 LB LG
Legionella Species

*LP I - 6 = Legionella pneumophila Serogroups, LB = Legionella bozemanii

LG = Legionella gormanii, LM = Legionella micdadei

LM

84



4.1.7 Distribution of L. pueumophita Seroeroup | - 6 in Potable Water

Samples of Northern States of Nigeria by DFA.

Figure 4-3 gives a summary distribution of Legionella prnenmophila
serogroup | - 6. Examination with immunofluorescence antibody conjugates has
revealed a remarkable random interstate - intraserotypic distribution and percentage
occurrence rate of each serotype in potable water sample in all the sampled areas.
The prototype serogroup ] was detected in every sample in all the states and Abuja.
This type serogroup alone predominated in the Federal capital, Abuja and also in
Sokoto State.

In every other state a combination of serogroups featured predominantly. in
Abuja, while serogroup I was detected in all the samples, serogroup 2.3 4. an;i 5
were present in 75% of the samples. Serogroup 6 was the least (50%) detected. In
Bauchi State. serogroup 1.3, and 4 prevailed in all the samples, whereas seregroup
2 was present in 80%, of the samples. The least detected serogroup S and 6 were
identified in 40% of the samples. In Benue state however, serogroup 1,2,3.and 4
were detected in all the samples (100%). Serogroup 5 was not detected in any of
| the samples, whereas serogroup 6 was identified in 50% of the samples.

Borno state water samples were varied in percentage positivity rate.
Serotype 1 and 3 were detected in every sample, while serogroup 2 and 4 were
present in 75% of the samples. The least detected serogroup 5 and 6 were detected
in only 25% of the samples. Gongola State water samples on the other hand were
100% positive for serogroup 1.3 and 4. while 67% of the samples were positive for
serotype 2. The least detected serogroup 5 and 6 were found in 33% of the samples,

A

Serogroup ] and 3 were detected in all potable water samples in Kaduna State.
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Serotype 2 and 6 were present in 25% of the samples. while serotype 4 was detected
in 50% of the samples. However. serotype 5 was not detected in any of the samples.
Kano State similarly had serotype [ and 3 as the predominant serogroups; they were
detected in all the samples. Serotype 2 was detected in 50% of the samples. whereas
serotype 4 was present in 75% of the samples. Serotype 5 was found in 25% of the
samples while serotype ¢ was not detected at all.

Katsina State had the highest percentage occurrence rate. Serogroup 5 that
had been low or absent in detection rate. except in Abuja, was found in 67% of the
samples. Al other serogroups were detected in all samples (100%). 1n Kwara
State. serotype 1.4, and 6 were detected in all samples, whereas serotype 2 and 3
were present in 50% of the samples. Serotype 5 however was not detected n ény
sample. Serotype 1 and 2 prevailed in all samples in Niger State while serotype 3. 4
and 6 were detected m 50% of the samples. Serotype 5 was again not detected in
any sample.

Plateau State potable water samples were all positive for serotype 1,3, and 4.
However, serotype 2 was positive in 50% of the samples while serotype 3 and 6
were detected in only 25% of the samples. Sokoto state water samples were tested
positive for the prototype serogroup ! While serogroup 2 was detected in only
33% of the samples, serotype 3.4, and 6 were positive in 67% of the samples.
However, serotypes 5 was not detected. In all. seroivpe 5 was not detected n five
states’ potable water samples. These states are Benue. Kaduna, Kwara, Niger and
Sokoto State. Serotype 6. on the other hand was not detected in orne state (Kano)

water samples.
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418 Results of Isolation of Legionella Bacteria from Potable water sampies

Table 4-5 gives a summary of water samples from distribution systems, w-'ells,
and boreholes that were screened by immunofluorescence technique pror to direct
plating. All samples from wells, public taps and hotels showed DFA positive {.cgionella-
like cells. All samples from hospitals except one were similarly DFA positive. However.
5 out of 12 borehole samples (41.7%) were DFA positive.

Ten well water samples were found to be DFA positive. Six of the ten samples
(60%) had culwrable legionellag. These samples comprised of a well each from lkara,
Ilorin, Potiskum, Bauchy, Makurdi and Jos.

Ten water samples that were drawn from public taps were 20% positive by
culture ; these came from llorin and Bomo taps. On the contrary. of the 12 h(;tel’s
related samples which all had Legionella - like cells by DFA_ eight samples (66.7%) were
culture positive. These samples comprised of 5 A/C cooling towers from Hotels A, B,
and C in Abyja. and Hotels A and B in Kaduna, Hotel B swimming pool also in Abuja,
Hotel B 1zp in Kano. and Hotel A tap in Bauchi.

Twenty-one hospital’s related samples (19 hospitals and 2 clinics) were 95.2%
(20 of 21) positive by immunofiuorescence assay. However only 8 samples (38.1%) had
culturable Legionella baciena. The lone DF A negative sample came from one operating
theatre in Kano, while the eight culture positive samples came from Kaduna Hospital A
and G, Katsina Hospital A, Kano Hospital A, Plateau Hospital A, D, and a down town
clinic, and Bauchi Hospital A

There were 12 boreholes samples analysed Only 5 samples from Ikara. Dange,
Sabon Fage. Mashi and Saminaka gave DFA positive cells, thus giving this source the

lowest number of DFA positive samples. Culturable legionellae were isolated in 3 of the

88



5 DFA positive samples  One each of these 3 culture positive samples was recorded in
Ikara. Dange and Saminaka.

In summary. 87 7% (57 of 65) of the samples tested by DFA assav were positive
However, less than half” of this positive samples (27 of 57 or 47 4%). were culture
positive. In terms of the percentage positivity in decreasing order of the categones.
Hotel water samples were most culture positive. (66.7%). followed by wells water
samples, ( 60.0%) Hospitals water samples. were third in culture positivity (38 1%0),
followed bv Boreholes water samples (25 (0°)  And lastly. tap water with 20% culture

positive samples(Figure 4-6).

8
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percentage Isolatable rate of Legionella Species in va
Water Sources in Northern Nigeria.
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470 Results of Raw Water Samples

421 Results of Physical and Biological Characteristics of Raw Water Samples.

A total of 246 (37%) water samples from various sources were screened by DFA
for Legionella spp. Figure 4-1 1s a map showing the sampling areas as well as indicating
the major rivers, towns and cities.  Selected physical, chemical and biological
characteristics of the habitats are summarised on Table 4-6. 1t was observed that there
was not much difference in mean water temperatures between rivers, streams. dams,
lakes and ponds. However, the mean temperature for springs was much lower (21.7 "C).
For all the microenvironments the temperature ranged 21.7 to 28.5 °C). The highest
mean temperature (28.5 “C) was recorded from river samples, followed by dams/lakes
(27.4 °C). Streams/creeks samples followed closely with a mean temperature of é?.?s
“C.while ponds recorded 26.7 °C.

It was also observed that the pH of raw water samples was acidic with a very
narrow range of pH 4.8 recorded in pond samﬁles to pH 5.9 in streams/creeks samples.
Critical analysis of Table 4-6 shows that the physical characteristics of the raw water
from the various sources had little or no eftect on bacterial density as seen by the data
The streams/creeks recorded a mean cell density of 2.7 X 10° |, while rivers and

dams/lakes recorded 2.3 X 10° 1~ each. One hot spring had cell density of 3.4 X 10° 1.
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4272 Raw Water Samples Results of the Polyvalent Pool Conjugate

Reactions

The results of 51 raw water sampiles are illustraied on Table 4-7. [cgioncllaceae
were detected in virtually all the natural habitats sampled in all the States However,
polyvalent pool B and C had some samples which did not fluoresce with Legionellu - like
cells.

At polyvalent pool conjugate reactions, only L. prrewmophifa was found in every
sample tested. Under pool A which identified L. pneumophila serotype 1. 2, 3 and 4,
there were 21 strong reactions. Wikki spring in Bauchi and one unnamed river in Benue
State fluoresced 4+ intensity. The remaming 19 strong reactions came from 1) nivers, 6
dams, and 2 streams. The rest of the 29 reactions were weak (2+) with the wea]-cest
intensity of 1+ recorded for River Upa in Abuja. There were 14 dams, 12 rivers and 3
streams for the remaining 2+ reaction.

Polyvalent pool B liad the least number of positive results (39 or 76.5%) with
only 4 strong (3+) reactions with samples from Wikki spring in Bauchi, Lake Chad in
Bomo, Saminaka nver in Kaduna and River Niger in Kwara State. The remaining 35
positive samples gave different levels of intensity reaction. Twenty-four were of 2+ level,
whereas 11 exhibited I+ fluorescence intensity. The 24 that fluaresced 2+ comprised of
11 rivers, 9 dams and 4 streams. Six nvers, 4 dams and 1 creek fluoresced 1+ intensity.
However, 12 samples of 6 rivers and 6 dams did not have detectable cells of Legionella
morphology. These twelve samples spread across all the States except Niger and
Plateau,

Polyvalent pool C reactions were second in prevalence: 94.1% of the samples

tested positive. Only 3 samples from Udei in Benue, and Bosso in Niger, and river Osun
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in Kwara State tested neeative . The remaining 48 samples tested positive with
fluorescence activities ranging from very weak (1+) to very strong (4+) intensity. One
sample from one unnamed river in Benue State was strongly positive {4+), while 3 other
samples from Guibi dam, River Dindima and Toro river (all in Bauchi). Asa dam in
Kwara State. and niver Lafiva in Plateau State recorded 3+ intensity reactions. Majonity
of the samples (33) fluoresced 2+ level. These were from 17 rivers, 14 dams, ) stream
and | spring. The remaining 9 samples of 3 rivers 4 dams and 2 sireams gave
fluorescence activity of 1+ level. In summary, Polyvalent pool A conjugate exhibited the
highest number (21) of strong reactions of 4+ (2 samples) and 3+ {19 samples) intensity.
Pool C comjugate had six strong reactions. and lastlv pool B which had only 4 strong
reactions. There were more river water samples with strong reactions (12, 6. ana 2
samples each from pool A, C, and B respectively) than dam water samples (6, 2. and [

respectively).
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Table 4 - 7: LEGIONI1 1A Polyvalent Pool® Reactions On Selected Raw Water

Samples
Sample Source State Polvwvalent Pool Conjugates

A B C
Airport Creck FCT 2444 14 24
River Gwagwalada FCT 2+ B 2+
River Jab FCT 2+ 0 2+4
Riner Upa ECT 1+ 2+ 3+
Gulbr Dam BA 3+ 1 3+
River Dindima BA 2+ I+ 3+
Rner Toro BA 34 2+ I+
River TuldenFulam BA 2+ 2+ 2
Wikki Spring BA 4+ 3 24
Yandey Dam BN 2+ 0 2+
Rner Ogi BN 2+ |+ 2+
Rnver Q, BN 4+ 0 1+
Stream Under BN 3+ 2+ 0
Lake Alao BO 3+ 0 2+
Lake Chad BO 2+ it 2+
Lake Canal BO 2+ 2+ 1+
River Ngada BO 3+ 24 I+
River Benue GG 2+ il 2+
River Ibi GG 24 2 I+
Kirnt Dam GG 2+ 0 I
River Ngada GG 3+ 2+ 2+
Rner Kone KD 3+ i 2+
River Saminaka KD 2+ 3+ 2+
River Jere KD 2+ 24 2+
University Dam KD 2+ i+ 2+
Tarau Dam KD 2+ I+ 2+
River Ciromawa KN 3+ 1+ 3%
Bagauda Dam KN 2+ y 2+
Kadawa Dam KN 2+ 24 3+
Tiga Dam KN 2+ 1+ 2+

Apwa Dam KT 2+ 0 |+



4.2 3 Summary Results of Polvvalent Pool Analysis of Raw Water Samples.

Wustrated in Figure 4 - 7 is the polyvalent pool reaction demonstrating the
prevalence of Legionelke bacteria in all of the sampled sites in Northern Nigeria, Under
the polyvalent pool conjugate analyses, the prevalence percentage rates were much
lower than that recorded in the monovalent reactions. Bauchi State recorded the
highest prevalence rate of 58.3%. Three other States recording 50% and above
prevalence rate were: Plateau, 54.2%. Kwara .51.7%, and Niger Srate, 50.0%. In 6
other states the prevalence rates were below 50%. These were observed in Borno
State. 47.9%:; Kaduna State, 46.7%:; Benue, Kano, and Sokoto States all recorded
43 8% each. and lastly, Katsina State which recorded 41.7%. The last two sampling
areas, Abuja and Gongola States with the lowest prevalence rates recorded 39.6%

each.
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Fig. 4-7.

Results of Polyvalert pool  Conjugate Analyses of Raw Water
Sanples

8

% of Positive Samples.
&8 8

(<

FC = Abuja, BA = Bauchi, BN = Benue, BO = Borno:
GG = Gongola, KD = Kaduna, KN = Kano; KT = Katsina,

KW = Kwara, NG = Niger, PL = Plateau; SO = Sokoto
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424 Population Densities of LAGIONELLA Species m Raw Water By Polyvalent Pool

Conjugates

Raw Water samples from various rivers (23), dams and lakes {17) streams
and creeks (9), a spring and a pond were analysed by DFA assay. Legionella spp
and serogroups were microscopically quantitated from 51 samples using legionella
polyvalent pool conjugates, Table 4-8 shows that although Legionella spp are
ubiquitous and coexist in virtually all the habitats, their densities vary slightly from
one conjugate to the other, thus reflecting fluorescence activities of the species
identifiable by their respective pool conjugate.

Polyvalent pool A conjugate recorded the highest number of positive samples
(50 of 31), 98.0% as well as the highest cell densities per milhilitre. Cell densities of 16?
were recorded from 2 samples. one m Bakalori dam. Sokoto, and the other from one
unnamed river in Benue State. There were 21 samples (41.2%) which recorded cell
densities of 10°. These were 9 dams and lakes, 7 rivers. and 5 creeks and streams. The
highest number (27 of 51) or 52.9% of samples had call densities of 10°. There were
more rivers {135) in this group of samples tollowed by dams and lakes (7). creeks and

| streams (4), and one spring. The only pond examined surprisingly had ne fluorescing
calls of Legionelio charactenistics.

At polvvalent pool B conjugate where 80.4% of the samples were positive, only
7 samples had cell densities of 10°. This number comprised of 4 dams. 2 rivers and one
creek. However, the majority of the samples, 56.9% or 29 of 51 recorded cell densities
of 10°. These samples comprised of 5 rivers. 8 dams/lakes. 5 streams/creeks and

Wikki spring. Lowest cell densities of 10" were observed in 5 samples from Abuja (2)
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and one sample each trom Bauchi. Borno and Kaduna. However. there were 10
samples which did not fluoresce with Legionefla - like cells.

Polyvalent pool C fluorescence activities of 82 4% paositivity rate were second
to pool A There was one sample from one unnamed nver in Kaduna with cell density
of 107, Twelve other samples of 7 rivers. 4 dams and a stream recorded celf densities
of 10°. OF the 7 rivers. 3 (rivers) from Benue State had the same celi densities of 10" at
both pool A and C. while they also recorded 10° at pool B. Four other rivers, 2 from
Kaduna, one each from Kano and Kwara State exhibited similar cell densities (10°) at
both pool A and B as well. Majority of the remaining samples (23) had cell densities of
10", They were 9 rivers. 7 creeks and stream. 6 dams and lakes. and one spring. There
were more rivers (7} tested from Sokoto State. The 4 rivers that fluoresced at pool C
had similar cell densities (of 10°} with poot B, although shightly lower than at pool A.
The remaining 5 nvers samples were from Bauchi. Borno, Kaduna, Niger and Plateau
State. Three rivers recorded cell densities of 10" cells per millilitre. Incidentally, one of
these rivers in Benue state. recorded the highest cell densitv of 107 at pool A reaction
while recording no fluorescing cells at pool B. Ngada river in Borno State similarly did
not show fluorescing cells at poo) C although cell density of 10° was observed at Pool
A The third river, Gulbi in Sokoto demonstrated celi densities of 10” at both peol A
and B while recording 10" at pool C. On the other hand 9 samples of 4 dams, 3 rivers,

a stream and a pond did not record any (fluorescence) cells of Legionella morphology.



Table 4 - 8 Legionella Population Densities by DFA Polyvalent Pool* Conjugates

on Selected Raw Water Samples.

Sample Source State** Polvvalent Pool Conjugates

A B C
Aurport Creck FC 5.0 x [0 J0x 1 435x 107
River Usman FC 18~ 107 10x 10 -
Sheraton Creck FC 20N 107 lox 10 23x 106
Wikki Spring BA 46x 107 308 107 25x 10°
Tulden Fulani River BA 23x 107 20x 107 14x 10
Gulbr Dam BA ISx 10 1O 107 2.7x 10°
River Ogi BN 26 x 107 Lox 1o 2.7x 10"
River Ogoli BN 1.2 x 10° 10N 107 2.5x 10°
River Benue BN 28x 107 1.2x 107 26x 107
Rner Q) BN 35x 10 = 38 % 10°
River ()2 BN 9.0x10° 10x 10 -
Lake Chad BO 26x 107 1Lox 10 14107
River Ibep BO 1.8x 107 225 10 1.3x 100
River Ngada BO 41 10° 1.2x 10° 15x 10
Lake Alao BO I8 x 100 - 1.6 x10°
Kiri Dam GG 1.7 x 10 - 1.2 x 10
River Benue GG 34107 - -
Karewa Pond GG - - -
River Jere KD 80N 107 1.2 x 106 26x10°
River Q1 KD 18~ 107 20N 10 6.3x 10
Tarau Dam KD 25x 10 10N 107 80X 107
Zana Dam KD 26x 107 1.8x 107 .
River ()2 KD 55 10° 11 x10° 1.5x 16°
Saminaka Creck KD 35x 107 LOx 10 I4x 10
River Kono KD 1L2x I - 24X 10°
Bagauda Lake KN 23x W “ 12x10°
Kadawa Dam KN 1.3x 107 12510 24 xi0°
Tiga Dam KN 2.7Tx 1Y 1.7x 107 1.3~ 10°
River Ciromawa KN 1Lox 10 1.8x10° 26x10°
River Niger KW 28x 100 18 x 10 265 10°

River Kainji KW 15x10° 28x 10" -



Tabic 4 - ¥ Continued

Sample Source Staic Polsvalent Pool Conjugales

A B C
Asa Dam KW 1.0 x 10° 245 10" L2 x10°
OfTa Dam KW 1.2 % 107 20x 10" 26x W0°
River Wuya NG 3.6 5 10° 12 % 107 L5 % 10°
Bosso Stream NG 27x 10" L6x 107 -
Jebba Dam NG 2.2x10° 1.8 x 10" 27x 10°
Shiroro Dam NG 23X 100 1.2x 108 24x10°
Sulcja Stream NG 268 10F - 2.5x 10°
Liberty Dam PL 35X 10° 22x10° 24 x 10°
Rock Dam PL 25x10° 18 x 10° -
Gada Biyu Stream PL 33x10° 1.2 x 10° AN 10°
Farin Gada Stream PL 345000 Lay W0° 1.7x 107
River Lafiva PL 38X 107 2.6 x 10° 3.2x 107
Jos-Bukuru Stream PL L9 x 10° 38x10° 11x 107
River Gulbi 50 Ax 107 L4 x 10° 8.0 x 107
River Bungudu S0 A5 - L8x 107
Bakalori Dam SO 37800 24x 107 -
River Jega 50 2.1x10° 1.6 x 10 1.2 x 0
River Argungu SO LI N TV 12 x 1 2.7 x 10°
River Malando SO 30x10° 22x10° 28 x 10°

University Creek

S0

225 W0

L3x10°

FRTT R P L IE VTR CEE VP I I S

¥ Polyvalent Pool A = 1. prewmophila serogroups 1, 2, 3 and 4.
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B = I.. puenmaophila serogroups 5 and 6, 1. dimoffii serogroup 1, and L. jongheachae

serogroup 1.

C = 1. micdadei serogroup 1, L. bozemanii serogroup 1, L. gormanii serogroup 1, and L.

fongbeachae serogroup 2.

. **States: FC = Abuyja; BA = Bauchy, BN =Benue, BO =Borno;
GG = Gongola;. KD =Kaduna; KN = Kano; KT = Katsina;
KW =Kwara, NG = Niger; PL = Platean; SO = Sokoto.

*** Counts were based on microscopic observation of fluorescing cells of Legionella
morphology in 0.05ml of sample concentrate and reported as the number of fluorescing
cells/ml.
- = absence of Legionellu-like cells

Q = Name of river unknown.
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42.5 Results of Type-Specific Antisera Reactions

L. pneumophila, the prototype species and serogroupl. was detected in 50 of
51, (98.0%) of the samples. One site. Ajiwa dam did not fluoresce with cells of
1egtonefla morphology (Table 4-9). This serogroup predominated and exhbited more
strong reactions (3+ fluorescence), 49.0% (25 of 50) than the other five serogroups.
These 25 (3+ reaction), comprised 12 river samples, 10 dams/lakes samples and 3
samples from creeks/streams. The remaining 25 samples comprising of [3 nivers. 9
dams/lakes, 2 streams and a spring exhibited 2+ intensity (Table 4-9). Serogroup 4
closely followed the prototype ot the species in relative abundance. It was detected in
94.1% (48 of 51) of the samples with 43.1%% (22 of 51) of the samples fluorescing at 3+
intensity. These 22 samples were drawn from 11 rivers, 10 dams/lakes and a streém,
Majority of the positive samples (25 of 48) fluoresced at 2+ level, and comprised of 13
rivers, 8 dams/lakes and 4 streams. A very weak (l+) reaction was observed in one
sample from Kiri dam while the remaining 3 samples did not have fluorescing Legionella
- like cells (Table 4-9).

1. prexmophila serogroup 2 was third in abundance. 1t exhibited forty-three out
-bf the 51 samples (84.3%). with fluorescence cells of Legioneller morphology, however,
only 3 samples (5.9%), one each from Bauchi, Kano and Niger fluoresced at 3+ intensity.
Most samples (30 of 51) however, gave fluorescence activity of 2+ level Of this
number, |7 came from various rivers from al! the States sampled. Except tor Abuja, the
Capital Territory and Kano State with only one 2+ samples each, every other State had 2
to 3 samples with such fluorescence activity. There were 10 samples, (4 rivers and 6
dams) of ]+ intensity fluorescence. However, the remaining 8 samples did not show

fluorescing cells of Legionelic morphology.



L. preuniophifa serogroup 3 had 9 negative samples from 5 rivers, 2 dams and 2
streams.  However. fluorescence activity of 3+ intensity was observed in 3 other nivers,
one each from Bauchi. Benue and Kaduna. Another river yet with higher fluorescence
activity of 4+ level was recorded in Borno State.  The remaining positive samples of 2+
level were recorded from 31 sites compnising -12 rivers, 16 dams, 2 streams and a spring,
The rest of the samples (7) of 3 rivers, 3 dams and a stream fluoresced faintly at 1+
intensity. [n all. 82.4% (42 of 51) of the samples tested positive for serogroup 3.

L. pnewmophila serogroup 6 had 33 (64.7%) positive samples. Six of these
samples (4 rivers and 2 dams) fluoresced at 3+ intensity whereas the remaining 27
samples fluorescence was at 2+ level. These were 13 rivers. 10 dams, and 4 streams. No
samples fluoresced at 1+ level Of the 18 (35.3%) that did not exhibit ﬂuoresc-ence
activity, 4 samples were positive at polyvalent pool B reaction: Airport creek, Wikki
spring, Ngada river and Tiga dam. Serogroup 5 had the least positive samples (26 of 51}
with fluorescence activity ranging from }+ to 2+ intensity. Nine of the positive samples
were from 3 rivers, 4 dams and 2 streams while the remaining | 7 positive samples were
drawn from 10 rivers and 7 dams. However, 25 samples did not show any detectable
fluorescence activity (Table 4-9).

Of the other legionefla species that were screened, [. gormanii was the
predominant species It was detected in 86.3% (44 of 51) of the samples. Fluorescence
activity was observed as follow: 3+ for 4 samples of 2 rivers and 2 dams, and 2+ intensity
for 35 samples of 17 rivers, 15 dams/lakes. 2 streams and a spring. Four samples {1 river
and 3 dams) fluoresced at 1+ intensity. However, the remaining 7 samples, (4 rivers and

3 streams) did not fluoresce with Legionclla - like cells.
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L. micdadei secbnd in ubiquity was detected in 82 4% (42 of 51) of the samples.
There were however more samples fluorescing at 2+ level. Nine samples fluoresced at
3+ intensity while Wikki spring sample fluoresced 4+ level, the highest intensity in the
scale. The 9 samples which fluoresced with 34 intensity level comprised of 6 rivers, 2
dams and a stream  Of the remaining 32 positive samples, 30 samples of 15 rivers, 14
dams and a stream exhibited fluorescence activity of 2+ level. Two dams fluoresced
faintly at 1+ intensity, Nine samples however, did not show any cells of Legionella
morphology.

Fluorescence activity of /.. bozemcanii was shown only in 24 of the 51 samples
(47 1%). Intensity of 2+ level was observed on 12 samples (7 rivers, 4 dams and a
spring), while another 12 samples (8 rivers, and 4 dams), fluoresced at 1+ level. Maj;)rity
of the samples (27) compnising of 10 rivers, 12 dams and 5 streams were 1ested negative

for fluorescence activity. (Table 4-9).
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426 Relative Abundance of Legionelleceae in Northern Nigeria Raw Waters

The mean occurence of Legionellaceae for each State 1s illustrated in Figure 4-8.
Legionellae under study included L. preumophila and its first 6 serotypes, /.. hozemanii,
L. gormanii, and [.. micdudei. Under monospecific reactions, each State had exhitnted a
high degree of positivity rate that did not always coincide exactly with its corresponding
polyvalent pool reactions (Figure 4-6). The ubiquitous nature of Legionelia spp. could
not be berter demonstrated: even the sampling areas {Abuja and Gongola) with the
lowest number (39.6%) of positive samples were still over 60% positive for legionellag.
Second in lower positivity rate was Benue State which recorded 63.9% (23 of 36)
positive samples. Adjoining to and east of Benue State is Gongola State which had the
highest number (31 of 36 or 86.1%) of positive samples. Second in high percen'tage
occurrence of positive samples was Kaduna State with 84.4% (38 of 45). then Niger
State with 83.3% (30 of 36) positive samples. Other states in decreasing order of positive
samples were: Plateau, 80.6% (29 of 36); Kwara, 80.0% (36 of 45); Borno and Sokoto.
77.8% each: Bauchi, 75.6%:. Kano. 75.0% (27 of 36), and lastly, Abuja the Capital
Territory with 66.7% (24 of 36) positive samples. There were more samples (45)
screened from three Siates - Bauchs, Kaduna. and Kwara - than in the rest of the States

where 36 samples each were analysed.
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Fig 4-8.

Mean occusrence of Legionel/aceae in Selected Raw Water
Samples from each of the Northem States.

3

8

% of Positive Samples
8 g

8

8

10

FC = Abuja;  BA = Bauchi, BN = Benue; BO = Borno,
GG = Gongola; KD = Kaduna, KN = Kano; KT = Katsina,

KW = Kwara, NG = Niger, PL = Plateau; SO = Sokoto.



4.2.7 Results Distribution of /.cgronella Species and Serogroups in Raw Water

Samples in Northern Nigeria

Figure 4-9 gives a summary of the percentage occurrence of the 4 major species
of Legionella including 6 serogroups of L. prcumophila. 1. pirenmophila serogroup 1,
the prototype species and serogroup was detected in 50 of the 51 samples (98.0%}).
Serogroup 4 of the species was second in relative abundance, 90.0% (46 of 51) of the
samples were positive. Third was species .. gormanii, which was detected in 86.3% (44
of 51) of the samples screened. Serotype 2 of 1. peumophila was fourth in occurrence,
with 43 of 51 (84.3%) samples positive under type-specific antisera analysis, L.
preumoplhiia serotype 3 and 1. micdudei occurred in equal number of samples (42 of
51); both were detected in 82.4% of the samples. Of the remaining less frequently
detected serogroups 5 and 6 of [. prrenmophila, serogroup 5 was the least encountered
species. It occurred in 51.0% (26 of 51) of the samples while serogroup 6 was detected
in 64.7% (33 of 51) of the samples screened. f.. hozemennii, the least in occurrence of all

the Legionclla species was detected in only 24 of 51 (47.1%) of all the samples.

11é
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Fig. 4-9.

Mean Occurrence of Legionella Species and Serogroups
in 51 Selected Raw Water Samples from all the states.

% Occurrence.

1 2 3 4 5 6 LB LG LM
Legionella species and Serogroups.

L. pneumophila (Lp) Serogroups | - 6
L. bozemanii (LB) Serogroup 1.
L. gormanii (LG) Serogroup 1

L. micdader (LM) Serogroup |.



4238 Distribution of Legionella puewmophila Serogroup I-6 In Raw Water

Samples in Northern Nigena

Summary distribution of /. preimoplifa serotypes 1-6 in Raw water samples is
illustrated in Fig.4-10. 1. pmewmophila mterserotypic distribution difference was not
observed. Rather, all six serotypes appeared to coexist in ail habitats in all the States and
Abuja and was distributed in a random fashion. There was no predictive trend. except
perhaps serotype | that predominated in every State other than Katsina where it was in
position two together with serotype 4. In the rest of the intrasampling areas, serotypes
2.3, and 4 either interchanged positions in predominance, as well as in frequency
occurrence, or have occurred at equal frequency rate from one State to the other. Only
in one State (Katsina) did one serotype (3) predominated. In all other States, a
combinaiion of two or more serotypes occurred at the same frequency rate. In Abuja,
Bauchi. Benue, and Kano State sampling areas, only two serotypes combination, viz. 1
and 4. 1and 3.1 and 4, and 1 and 2 respectively. featured prominently. Of the remaining
seven sampling areas, six States (Borno. Gongola, Kaduna, Kwara, Plateau, and Sokoto)
. had three serogroups each that were detected in all samples. The three serorypes for
each State were as follows: Bomo, serotypes 1, 2, and 3; Gongola, 1. 2 and 4 ; Kaduna,
1,2, and 4, Kwara, 1, 2, and 4: Plateau, 1.4. and 6: and Sokoto, 1.3 and 4 The most
frequent serotype combination was 1.2, and 4. Other combinations occurred once. Only
in one State (Niger) did four serogroups {1.2.4. and 6) occurred in all samples while the
remaining two serotypes (3 and 5) occurred also at the same frequency rate.

Except in Niger and Platcau States where serogroup 6 was detecied in every
sample assayed. this serogroup 6, and serogroup 5 were least detected in Gongola. and

Kanao States. Serotype 5 was the least detected of all. In Bauchi State it was detected in

i1.



20% of the samples, in Benue 25%, Kwara 60% and Sokoto 25%. The sampling areas
of Bauchi and Benue, had the most heterogeneous intrasampling area variation wﬁi[e
Abuja, Bomo, Kaduna, Niger and Plateau could be considered relatvely homogeneous in
terms of the intraserotypic distribution  The remaining five States, Gongola, Kano.
Katsina. Kwara. and Sokoto were relatively less homogeneous. In spite ot the grouping
of the sampling areas there was not a single area or State with similar intraserotypic
distribution pattern or varation.  Rather inter-state-intraserotypic differences in
distribution were observed in every sampling area. Thus, emphasizing intrasampling area
vanation. However. unlike potable water samples, all the serotypes of 1. prnermophila

{1-6). were detectable to a greater or lesser extent in every State raw water samples,
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429 Isolation of LACGIONTT LA from Raw Water Samples by Culture Media.

Table 4-10 gives a summary of the results from 50 selected raw water sampies
from ail the Northern States examined by DFA test and culture method. Analysis of the
30 samples by DFA revealed that nearly all (49 of 50 or 98%) of the samples were
positive by immunofluorescence assay. However, by the use of culture media only 46%
(23 of 50) of the samples were culture positive. These positive satmples comprised of 5
rivers. 11 dams, 3 ltakes, 2 creeks, 1 stream and 1 pond.

Of the 20 rivers that were analysed, 5 (25%)} were culture positive. These were
Toro river in Bauch: State. Lere river in Kaduna State, Wuva river and Gurara river both
in Niger State, and Malando river in Sokoto State. Samples from dams and lakes were
richer in isolatable [Legionclla bacteria,  Of the 18 samples examined. 11 sanr;pies
{61.1%) contained culturable legionellae. These samples were drawn from the following
dams: Jabi dam in Abuja. Gulbi dam in Bauchi, Zaria and A B.1. dams in Kaduna, Ajiwa
and Kankara dams n Katsina, Tiga and Kadawa dams in Kano. Offa dam in Kwara. and
lastly, Shiroro dam in Niger State.

There were four samples from the lakes. Lake Chad and its canal mid way
interland, and Lake Alao in Bomo, and Lake Kainji in Kwara State, all of which tested
positive by culture. Similarly there were two creeks. Airpon and Shereton in Abuja.
one stream, Tulden Fulani in Bauchs State, and one tin mine pond in Plateau State that

also contained culturable Legionefle species.
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4210 Identification of Legionella Species

Tables 4-5 and 4-10 show the analyses of Legionella spp. from 65 samples of
distribution water. well water and borehole water systems; and 50 raw water sources
respectively. Isolation rates were 41 5% for distribution water and 46.0% for raw
water samples. Isolates from each set of samples were identified according to CDC
recommendations which include growth and cultural characteristics of the isolates.

Colonies that were consistent with and characteristic of Legionella were visible
under dissecting microscope on the third and fourth day of humid incubation. They
were small, pin-pointed initially, convex, gray, circular and with entire edge. Ghistening
and coloured iridescence along the periphery of the colonies were particularly helpful in
identifications. And a typical “ground-glass™ appearance even when the colonies wel"e
visible only microscopically proved equally useful (CDC, 1994, Pasculle, 1994). Older
colonies had typically white centre. often bordered with blue, purple, green or red
indescence.

Those isolates that failed to grow on BCYE-o without L-cystein (BCYE-
cvsteine) and blood agar and were small. slow-growing. poorly stained, Gram-negative
rods were presumptively identified as legionellac. Some isolates that repeatedly grew
on BCYE-cysteine but failed to grow on blood agar were preserved for further
examunation. (£.. oakridgensis and 1. jordanis are the only species known to lose their

requirement for L-cysteine on subculture, Orrison er. of.. 1983b),
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CHAPTER FIVE
50 DISCUSSION AND CONCLUSION
31 Discussion

The Legionellaceae are agems of Legionnaires” disease and Pontiac fever
| egionnaires” disease. a pneumonic iliness affecting human is of major pubhc health interest
because it can. and does occur as an epidemic. often resulting in high morbidity and
mortality rate  Also Legionella pneumoplula. the type species has emerged as an important
cause of endemic and epidemic nosocomial Legionella pneumonia (England and Fraser,
1081)

Since the discovery of Legionella pnewmophila m Philadelphia in 1976, the disease it
caused and still causes. and the subsequent outbreaks. sporadic cases of. and nosocomial
[egionnaires™ disease. the mode of transmission has remamed less definitely identifiable
Although for the past almost two decades. information about Legionnaires™ disease and the
methods of isolating the etiologic gent. 1. pnenmeophila, has accumulated. the exact mode of
transmission has eluded definition. and there is only insufficient data regarding the mode of
transmission of other /egionella species (Muder er. af.. 1986)  This information gap is
thought-provoking and a matter of great concern

The prevalence of legronella prewmoplila i natural and man-made aquatic
environs has been well documented (Fliermans er. a/ . 1979 and 1981, Tobin es. al . 1981,
Denmis er. al., 1982, Stout er. al., 1982. Wadowsky er. al . 1982. Hanbleton. er a/ . 1983,
Yakubu and Pass. 1983_ Joly er al.. 1986. States ¢r af . 1987, Paszko-Kolva er al . 1990)

and has also been demonstrated in this work  This wide spread of Legionella spp. in diverse
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natural aguauc habitats underscores the human health hazards and the need to better
understand the agents” physiological ecology

The results of this work show the ubiquity of Zegroneliaceae i all water habiats
This widespread occurrences are not unexpected  Leainollae are found throughout the
natural and man-made environment. surviving in soils and collections of water (Brown ¢r «/ .
1982, Tobin ef al.. 1981. Steel eral . 1990a and 1990b, Watson and O Mghony. 1990)  The
high perceptage detection of the organisms by direct fluorescence antibody (DFA) method
(Table 4-1) was a reflection of their abundance. and also due to the high degree of
specificity of DFA But borehole water samples were surprisingly least positive  This raises
some questions. especially when the mean pH and temperature were about the same as other
sources Evidently the temperature and pH of the water were not eritical factors regulating
Legionella bacteria in these habitats

Since legionellae have been found n upland waters. rivers. and bore-hole water. as
has also been demonstrated n this research. the questnon is whether Legionelia s a
contaminant of ground waters or a native bacterium It is easier to explain the former
acuvities such as well drilling practice. sampling protocols. and fractured rock strata mav
introduce these organisms into high quality ground-water (Jakubowsky ¢z /. 1984) But
how Legionella survives in borehole water under perpetual darkness is a question vet to be

addressed.

511 Polyvalent Pool Conjugate Reactions

On DFA polyvalent pool reactions. polvvalent pool A €onjugate. consisting i}"& :
‘.

antisera for /. ppeumopinia serogroup 1 -4 had 13 strong. and 6 verv strong (3+ and 4
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intensitv) reactions Five states n the Niddle Belt area Abuja. Bauchi. Borno. Kaduna and
Plateau showed 4+ intensity reaction  However. Katsina. further north central state also had
one 4+ level reacuon  All the states. except Benue. Gongola. and Sokoto exhibited 1+ 1o 3+
strong (3« intensitvj reactions  This further underscores the ubiquitousness of /.
picimophila within water habitats. Each state. except Borno. also demonstrated one or
more 2+ intensity reaction  All the states were positive for pool A conjugate. indicating the
likelihood of 1solating the orgamisms in every state water sample under study Table 4-2 and
Fieure 4-2 give a summary of the results for potable water samples

On polvvalent pool B conjugate which stains tor L. preumophila serogroup 5 and 6.
and /. dumoffu serogroup 1. and /. longheachae sergroup 1. Borno. Kaduna. Niger. and
Sokoto states samples were negative  Samples neeative mcluded 1two taps (Borno and
Kaduna). one well (Niger). and one borehole (Sokoto) There were 13 > 3+ 13 < 1-_ and,
4. 2= staming reactions  This makes poo! B conugate reactions relatively weak and partly
explains the paucity of Legionella spp detecied in Table
4 -2 and figure 4-2 by this conjugate.

Polyvalent pool C conjugate has three negative reactions. all from Bauchi State
hotel’s samples By this reaction the three sample sites did not have the corresponding
Legronella spp . namely, /. micdader serogroup 1. L. bozemanii serogroup |. L. gormanii
sergroup 1. and /. Jongheachae serogroup 2 Of the remaming reactions. 11 samples were
of 1+ intensity. 15 other samples also were of 2+ intensity, while only 11 samples
demonstrated (10) strong and (1) very strong reactions ( Table 4-2 )

Therefore. based on the number of strong and weak reactions, the species of /.

preumophifa was the most predominant It exiibited 13 strong (3+ staining). and 6 very
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strong (4= staming) reactions. while the remammg 21 reacuions were weah  There were no
negative-nor | - -tluorescence staining ~ This was followed by pool B conjugate which
exhibited 11 strong and 2 very strong staiming reactions. while 27 reactions stained weakly

[Lasthv. pooi C comugate had the most number (29) of weak and least number (11} of strong
reactions  Thus idicating the relative abundance of the corresponding /Legionella spp of
¢ach of the pool conjugates (Table 4-2)

The summary of polyvalent pool reactions i1s demonstrated on Figure 4-2
Legionelia was detected more frequently in waters from the middle belt states. Percentage
occurrence of = 30% was recorded tn such states. except Katsina. further north central,
which was highest of all (64%0)  This was as a result of fluorescence intensity of the species
in the three polvvalent conjugates (Table 4-2)  However. most of the low percentage
ocurrence also occurred i the same region  Niger state had the least degree of fluorescence
followed by Benue and Gongola states. all in the Middle Belt  Evidently the measured
parameters did not seem to be critical. the ranges. although rather narrow were about the
same across all the states  Thus, by this study. Legronella spp seem to be indeed common
environmental bacteria in all the Northern States waters (Figure 4-2 and Table 4-2)

However. the few exceptions which are not so easily explainable are the very low
occurrences ol Lewionella spp in borehole waters (Table 4-1) and the rather curious
neganve results at polyvalent peol B (four results) and C (three results) conmugate reactions
(Table 4-2) With the four or more species of Legronella identifiable by each of the pool
conjugates. it is more likely that expenimental error could be partly responsible for the

negative findings  Possible contributing factors to the findings also are long transportation
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distances. fluctuating temperature during storage and extended time periods from specimen
collection. processing. and microscopic observation

The ubiquitous occurrence of Legionella and the distribution of” the vanous
serogroups was further demonstrated in this work  Both Table 4-4 and Figure 4-2 illustrate
the fact that this organism is a natural component of water distribution svstem, and wells. as
1s of freshwater aquatic communities (Skarliy and McEachern. 1979, Solomon er. af . 1984,
Spmo et al. 1984, Fliermans er. al, 1989)  All samples tested were positive for /.
prcumoplila serogroup 1 Other studies reported similar ubiquity (Macrae er. a/ . 1979,
Storch er. af . 1979, Helms er. a/ .. 1980 Desplaces ¢ al.. 1984 Saito ¢r. a/ . 1984. Chen er.
al - 1984, Ortiz-Roque and Hazen. 1987) This serogroup of the environmental isolates 1s
also reported 1o be the same as that of pathogenic 1solates  Thus the most common cause of
Levionnaires™ disease 1s /. pncumophila serogroup 1 (Stout er. al.. 1982, Reingold ¢r. al .
1984, Wilkinson. 1986, Reingold er al . 1984)

On polyvalent conjugates. the positivity rate was hghest tfor pool A (100%) which
consists of /. prenmophila serogroup 1.2 3. and 4 Pool C comprising of /.. hozemami. 1.
gormanit, 1. micdader. and 1. lonbeachae serogroup 2 was second with the positivity rate
of 925%  Pool B with 1. pnewmophila serogroup 5 and 6, and two other species: /.
dumoffu and 1. longheachae serogroup 1 was third with 90% of the samples positive. It
could partlv be explained that pool B had 4 samples that did not exhibit anv fluorescence
activity even though 1t was second in the number of strong fluorescence activity (Table 4-2)

Both pool B and C did have samples - 4 and 3 respectively - that exhibited no
fluorescence activity. Of these 7 water samples. 5 samples were from potable source. while

the remaiping 2 samples came one from a well and the other from a borehole.  This result
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seems 10 sugeest that potable water mav have undetectable concentrations of pool B and €
[ eeionella species. possibly due to effective water treatment regimen  However. more work
on a larger number of samples need 1o be conducted to ensure a more valid conclusion To
the best of mv knowledge. the existing literature has not recorded this aspect of the work on

water samples except on chinical specimens

212 Serogroup Specific Antisera Reactions

The serogroup - specific antisera reactions underscored the startling finding that
legionella were ubiquitous in the water distribution system of our hospitals. hotels and
public taps. as well as in our wells and. to some extent n the boreholes waters However,
one species. 1. hozemani was less frequently encountered  One possible explanation is that
this species may either be present in less detectable numbers or that it does not compete
favourably with other species  Difficult 1o explain is the fact that this species was detectable
onlv in potable water samples in Abuja (2). Borno (2). Gongola (2). and Kano (1) (Table 4-
4)

It was also observed with serogroup-specific reactions for 1. pneumophila
serogroup 5 and 6 in Abuja (1). and seven states Bauchi (2). Benue (1. Borno (2).
Gongola (1). Kaduna (2). Kano (3). and Plateau (3) that these states’ samples stained
negative  Similarly. one hospital sample in Plateau and one borehole sample in Sokoto
staimed negative for both L. gormami and 1. micdader These negative reactions were
positive at polvvalent pool reactions. thus suggesting that those species identifiable by poly
B group conjugate. but for which type specific antisera were not available (ie. /1.

longbeachae serogroup 1 and/or L. dumoffii serogroup 1) might have been responsibie for
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the positive reactions observed  There mav also be a possibifity of the presence of (a) new
species. or (b) that other non-Legionella bacteria with serologically related antigens may
have been present. or both assumptions may be true  There were also two samples. hospital
B tap in Plateau and a borehole in Sokoto (Table 4-2) which exhibited fluorescence at pool
C conjugate reactions. suggesting either the presence of /. longheachae serogroup 2 for
which reagent was not available. or other serologically related bacterta or both  This
borehole sample was particularly low n the positivity rate Only 7. preumophila serogroup
I and 3 fluoresced dimly (1+ and 2+ fluorescence) Other /. pnenmophila serogroups and
other [egionefla spp  were not detected. therefore suggesting either the non-presence or
presence below detectability imit of these [egronellae. A sensitivity limit of 10" 10 10" cells
per ml of envirommental samples was recorded by Gilbart (1984) However. Solomon ¢t
al. (1984) were able to demonstrate /7. pnenmophila by DFA staining in 265 of 270 samples.
i which the minimum cell densitv detectable was approximatelv 3 organisms per ml Both
ficures 4-2 and 4-3 show the ubiquitousness of these species of pathogenic bactena -
Legionella - in all the Northern states of Nigeria

Table 4-4 and Table 4-9 showed wide distnbution of /. puenmophilo serotypes as
well as /egionellaceae m all sample sources  There was no L. pnenmophilc interserotypic
distribution difference  Rather. there was a randomized distribution pattern in both potable
and raw water sources.  Similarly there was no legronellaceae population density
distribution difference in both potable and raw water sources (Table 4-3 and Table 4-8)
However. the high percentage frequent occurrence of serogroups of 1. pnewmohila,
especially. serotypes 1. 3. and 4 was still randomized and 1n line with its predominance at all

sites in this study and others recorded earlier elsewhere (Desplaces er. al.. 1984, Ortiz-
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Roque and Hazen, 1987 Negmn-AMfa e .. 1988, Kusnetsoy er ol 1993). In spite of
the low percentage occurrence of serotypes 5 and 6. all the six serotypes seem to be
distributed in a random fashion because this distribution is said to be determined by /.
prcumophila characteristics that are species specific but not clearly understood. Figure 4-4
and Figure 4-9 both illustrated the predominance of L. prewmophila at all sites in potable
and raw water sources. Similarly, Figures 4-5 and 4-10 stressed the predominance of these
species in all water sources in Northern Nigeria.

Similarly, /.. ppermophile predominated in Kaduna State, followed also by L.
gormauii. L. preamophifa still predominated in Plateau State. with L. gormanii and 1.
micdedei occurring at the same rate.  This spatial and interspecific heterogeneities in
distribution suggests habitat adaptation rather than wholly random spatial distribution,
although there are no data currently available to support or explain habitat variabilities. The
absence of interserotvpic distribution difference also suggests that (a) DFA counts are
indeed independent serotypes of the same species and/or (b) the serotype, as a surface
antigen plavs ne environmental adaptive role in these samples from both potable and non-
potable water sources.

However. on percentage occurrence of 4+ and 3+ intensity reaction. (very strong
and strong fluorescence). potable water saniples in Borno and Kaduna States exhibited
31.1% positive fluorescence activities each. Whereas, the corresponding raw water samples
were only 28% and 27%. In Bauchi and Plateau States on the other hand. raw water
samples predominated in strong (4+ and 3+ fluorescence) reactions (31.1%, and 29%) over
potable water samples (26%. and 27%) respectively. /. pmenmophila was still the most

prevalent in all the samples both in intensitv reactions and frequency occurrence.
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Potable water samples refatively exhibited more 4- staining intensity reactions than
the raw water samples. There were 13 such very strong fluorescence reactions - 12 from /L.
pricumopliila serogroup 1 to 6. 2 from /. gormanii and one trom 1. micdadei. On the
contrary only 2 verv strong (4+) reactions were recorded from raw water samples. one from
L. pnewmophifa and the other from /. micdudes. Generally, other fluorescence activities
were weaker in raw water samples as a whole. Coincidentally the weakest conjugate tested
in both sample sources was /.. bozemanii which was detected in more of the raw water
sarﬁples and with more 2+ fluorescence reactions than in potable water samples. This may
seem to suggest that L. bozemanii species 15 more adapted to natural aquatic environment
than in potable water svstems. However, the over all weaker staining intensities of all the
species and serotypes in raw water samples pose a difficult challenge in explanation.
Reasons for weaker fluorescence include: (1) the greater number of microflora in samples,
{(2) more serologically related or cross-reacting microbes. (3) inadequate conjugates or
understaining due to higher concentration of microbiota in the samples. and (4) weak cross
- reactions reported among environmental isolates (Cherry ¢/ «f.. 1978 and 1982, Cherry
and McKinney, 1981). More data and work on this area will help to elucidate as well as
proffer solution to the problem.
3.1.3  Growth Supporting Factors in Potahle Water.

Potable water supply has long been observed as a reservoir for both Legionnaires
disease and Pontiac fever bacteria. Hot water cylinders and tanks in particular have
provided reservoirs for the growth of 7. pricumopiiiler and an incubator-like environment for

the proliferation ot these organtsms (Colbourne ¢ af.. 1984; Bartlett ¢r. /.. 1983 and 984;
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Thackey er /.. 1981) This explains m part why the number of Legioncliaeceae appears to
mcrease rather than decrease m potable water  Other growth stumulanng factors for /.
picumopinla, and other organism in potable water systems nclude thermal stratificanon.
scale formation. corrosion. and any operational manaeuvers which cause sudden changes in
the direction of water flow
There seem to be other not-so-well defined phvsical factors which appear to
encourage the growth of /. prctmophiila n tap water systems  These have been known to
include elevated temperature (35 10 45 "C). stagnation. sedimemt formation. and the
presence of biodegradable subsiances including rubber washers (Wadowsky ¢r o/ . 1982,
Yee and Wadowsky. 1982, Plouffe ¢r af.. 1983, Ciesielski ¢7 al . 1984, Colbourne ¢r al .
1984, Stout er. af 1985) These physical conditions are operative in the tropics where the
sun heats storage water tanks and pipe lines to comfortable temperatures for the legionellae
Stagnation. irrecular or fluctuating water flow 1 pipes. sediment formation. and breakdowns
m the distribution svstems are common problems. especialiv in this part of Nigenia So
conditions for supporting legionallae i our water distribution svstems are ripe and
prevalent  Coexistence of other microflora goes a Jong wav 1o explain partly too. the ability
of Legionella 1o proliferate in potable water distribution systems containing lower
concentrations of nutrients than are found in the complex BCYE medium (Edelstein, 1985)

Other associations of public health interest are explained brieflv hereafier

513 1 Association of Legionella with other Microbiota
Protozoa may be responsible for supporting multiplication of /. pneumophila mn

dninking water svstems. Rowbotham (1980) first demonstrated that free living amoebae of
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the genera. dcemthamovha and ;N"t.'-t‘gh‘l'!'u can be nfected with 1. pricnmophila. 1.
pircumoplila may also be used as food source for these amoebae (Tyndall and Domingue,
1982 Tvndall ¢r af.. 1982, Holden er a/.. 1984; Anany er «/,, 1983). Consequently since
these free-living amocbae are frequently present in drinking water systems, they may be
responsible for /. puewnophila contamination in plumbing systems (Henke and Seidel.
1986) It was also shown by Fields ¢f «/.. (1984 and 1986) that /. pucumophile multiplies
within the ciliated protozoan, fewafvmena pyriformis which occurs in both plumbing
systems as well as cooling towers (Barbaree ef of . 1986). Additionally, growth-supperting
activity for [. prenmophila is also known to be provided by hartmannellid amoebae
(Wadowsky e¢r «f.. 1988), thus Harmmannelia spp may be important protozoans in the
ecology of /. paemmophifa in hor-water plumbing svstems. These amoebae in particular
have the ability to revert from the trophozoite stage to the cyst stage and vice versa. as
environmental conditions change. Hence they can provide an environment for legionellae
within them to survive more adverse conditions than they could as free bacteria {Anand ef
al.. 1984. Barbaree ¢ «f, 1986). This protective mechanism mayv explain in part how
legionellae survive the winter in cooling towers water of temperate countries and reappear in
the spring to propagate readily in favourable condition.

Furthermore. legionella spp are known to be ingested by some fresh water
protozoans, especially Acanthamoeba, Nuegleria, and Tetratnvmena spp.  Once inside these
amoebae and ciliates, bacterial growth occurs. as the protozoans provide a conducive
“environment for intracellular multiplication of the bacteria. Eventually the host cells’
membranes rupture. thus releasing the bacteria into the water (Rowbotham. 1980a: Tvndal

et af, 1983 Anand er af., 1983: Fields er. af.. 1984. Holden e¢r. af. 1984). This
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relationship is contributory to the recalcitrance of tegioncllae in water svstems.  Its intra-
amoebal growth has a profound effect on the physiological status and antimicrobial
susceptibility of .. prenmophitu as this enhances greatly its resistance to chlorine (States ¢
wl.. 1989 Barker ¢t al.. 1992). a chemical widely used in the control measures. 1ts ability to
growth within an adherent biofilm comprising myriads of other bacterial species. protozoa
and ciliates (Lee and West. 1991) has been suggested to account tor the recalcitrance of this
organism - Legionella- 1o conventional water treatment (Barker ¢f. o/, 1992). It will be
inferesting and informative to document the incidence of amoebae and ciliates in the water
distribution systems covered by this study. The high rate of detection of legionellac in our

distribution systems may not be unconnected with the presence of amoebae.

5.1.3.2  Association with Blue-Green Algae and Grreen Algae

Tison ¢7 «of, (1980) proposed that association between L. paeumophila and certain
blue-green algae (cvanobacteria) suggests an explanation for the apparent widespread
distribution of the bacterium in nature. Rowbotham (1984a) went further to affirm that
some cvanobacteria excrete amino acids and peptides into the surrounding environment. and
that since /. preumaophila has been grown in defined amino acid media by Tesh and Miller
(1981). such compounds might be utilized by legionellae for growth. 1. prcnmophila is also
known to grow better in mixed cultures with green algae (Chlorophyta) than when grown
alone (Hume and Hann, 1984). This apparent relationship or symbiosis with algae appears
to support the ubiquity of legionellae in both the natural and man-made water habitats as

demonstrated by this work. And indeed. this symbiotic relationships if expanded will lead to
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a better understanding of the ecological distribution of this relatvely abundant group of

bacteria of the enus /egronella

5133  Association with Heat Rejection Systems

Not only do such systems as cooling towers provide the right ecological micro-
emvironment for the amplification of Jegronelia pathogens. but the dissemination of the
bacteria through aerosol drifi 1s likewise achieved In his experiment. Berendt (1981)
demonstrated that the survivability of /. pucumaoplula n an aerosolized form was enhanced
when the organism was associated with the blue-green algae of the species. fisherella
Thus suggesting that the dissemination of the legioneliae away from a source. as a cooling
tower could be enhanced by their association with an algal component. Berendt went on to
sugeest that this enhancement may be due to a phvsical protection of Legionella organisms
from desiccation since Fsherclla spp will produce a mucilagenous matrix. I this
protection occurs in heat rejection svstems with the formation of aerosols™. continued
Berendt. “then the dissemination of viable /egionella particles away from a point source
may be quite sigmficant. this would increase considerablv the job of epidemiologists. since
the source of infection may be ‘miles” awav™  Thus making the source of an outbreak rather
difficult to locate

Hambleton e7 a/ (1984) reported that the survival rate of airborne microorganisms
with low metabolic activity 1s such that significant numbers of viable oreanisms can be
recovered from bacterial clouds even after 2 hours  Contaminated air-conditioning svstem
such as evaporative condensers. for example. might be anticipated continuously to generate

aerosols containing viable /. puenmmopinla bacteria. so that  exposed unsuspecting
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susceptible individuals might readily mhale and retain sufficient viable orcamsms 1o acquire
an infection.  Because the air-condinoning cooling towers are generally exposed 1o either
direct or indirect lighting. are warm. moist habitats, often receive make up water from
sources that comain algae. and are efficient scrubbers of the microorganisms from the air.
these systems are logicallv important n the amphiication of Legionella bactenia (Fliermans.
[984) It follows therefore that cooling towers simply provide the right ecological niche for
both the amplification and the dissemination of all types of microorganisms. including
legionellae found in the air (Adams ¢7 af, 1980)  From this environment of myraid
microorganisms, aerosols seeded with legionellae. algal cells containing legionellae (Hume
and Hann. 1984) and amoebal cysts also contaiming legionellae (Anand ¢r «a/. 1984,
Rowbotham. 1984a) might be inhaled by unsuspecting humans  The mhaled aerosols. algal
cells or amoebal cysts may comain an infective dose sufficient to cause disease as such
particle size if inhaled could reach the alveoli of the lung (Rowbotham. 1984a) Thus
cooling towers and evaporative condensers contamination present an important public health
hazard (Glick er al.. 1978, Cordes ¢/ al; 1980. Garbe er af.. 1985 Addis ef al..1989). as they
constantly expose tremendous volumes of air to circulating water. creating aerosols (Miller.
1979)

However. heat rejection svstems are still in developmental stage in most parts of
Nigeria. especially the northern States  Only large hotels of international “standard™ have
central air-conditioning with cooling towers  No hospital has any central cooling system
For the most part. and in many other establishments small air-conditioners. one for each
room or office are installed In the banking sector. many banks still use the office type air-

condinioners. while in some major banks. lareer A/C svstems are used but without cooling
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towers, rather fan cooling svstem where water tor cooling the engines 1s never exposed 1o
open air - This development does not necessarilv reduce legionellae in the environment since
amplifving factors still exist in the svstem. however. the means of dissenunation is strictly

curtailed  This may be advantageous in some way

514 Isolation of Legionellae

While DFA procedure detected Legionella-like bacteria in virtually all potable water
samples as well as in well water. less than half (5 of 12) of borehole water samples
fluoresced with cells of /egronella morphology (Table 4 5) However. fewer water samples
in all had 1solatable legionellae. Because potable water received chlornation regimen. fewer
samples still had culturable /egionelfa bacteria  This set of samples was divided into three
categories domestic public water tap samples. hospital related water samples. and horel
related water samples  The last two sample sources had air-conditioning svstems with their
inherent cooling towers. evaporative condensers and hot water tanks These water-
recirculating svstems ofien possess favourable growth conditions for /. pnenmophila such
as elevated temperatures and mineral depostts (Stout er af. 1985). which can serve as a
source of nutrients for biomasses. and in turn. support the erowth of lecionellae (Muraca ¢/
al . 1988) Consequently these two sources had more culturable /egioneiic bactena
Incidentally hotels had more typical heat-rejection svstems and so 66 7% (8 of 12) of the
samples were positive by culture for Zegione/fa bagteria (Table 4-5) This figure is shightly
fugher than those recorded in other parts of the world. particularly Europe. America and
Japan where cooling towers in Finland were 50% positive for legioneliae (Kusnetsov et at.

1993). England and Wales 34% (Colbourne and Trew 1986) Cooling towers in the U S A
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varied m positivity rate for Legronella from 8 5% 10 34% (Witherell ¢ a/.. 1986, England.
11 erard., 1982) respectively. and in Japan. up to 73% rate (Yabuuchi e/ ¢f.. 1989)

Hospitals in this study had no elaborate heat-rejection systems The onlv domestic
rvpe air-conditioners were located in offices and operating theaters There were few water
heaters. thus limiting elevated temperatures required by Legionella for proliferation and
subsequent dissemination.  Consequently. the number of isolatable /egronella decreased
considerably  Only 38 1% (8 of 21) of the samples had culturable Legionella bacteria
(Table 4-5) Domestic/public 1ap water samples were least positive by culture  Only two
out of ten samples (20%) had cultrurable Legionella bacteria (Table 4-5)  This 1solaton
rate is probably high considering the non-epidemic nature of the sample source  The
isolation rate of . prpenmaophila reported in the Inerature has been variable  Desplaces ¢/ a/
(1984) reported 21%0 rate in tap water to 72% in hot tanks. whereas Stout ¢/ a/.. (1984)
reported 4 - 68  Colbourne e/ «/. (1984) found that water had lower recovery rate (11%0)
than from the components such as gaskets or rubber washers (30%). These isolation rates
were much lower than their corresponding DFA detection rates. As was the case in this
work. the possibility exists that cross-reactions with some unknown or untested
environmental bacteria mav have been responsible for the high DFA detection rate (Dr B
Fields. CDC  Personal communication 1993) 1t is also possible for /. pueamopila 10 be
viable but non-culturable (Hussong. er a/ . 1987) However. the high rate nonetheless still
highlighted the difficulties in the prevention and control of /egronelia in water distribution
svstems. especially in large buildings

Untreated well water samples had culturable Zegionella m 60% (6 of 10) of the

samples. while borehole samples that were 41 7% (5 10 12) DFA positive turned out to have
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a comparable low 25% culturable 1.4{!0::::!!&: sampies too. Understandably. they were both
‘raw” water from two different sources; however. well water samples werc more open 1o
assaults and contamination than the less exposed underground water of boreholes. This
isolation rate may stull be lower because of possible experimental errors and other
hinderances from contaminating non-Legioneflo organisms, over growth of fungi, yeast. and
other bacteria some of which mayv inhibit growth of Legionelia bacteria.

That Legionella spp. were isolated in potable water is a reminder of the fact that this
group of bacteria are difficult. if not impossible. to eradicate from potable water system. It
underscores the various associations and biolilm formation discussed earlier which make
these pathogenic bacteria recalcitrant to preventive measures and conventional water
treatntent regimen. The data afso suggest at least three things: (i} that legionellae coexist in
all the habitats tested. (ii) that these samples which were obtained from areas where
Legionello and legionellosis have not been reported are unique and cannot easily be
compared with those previously published from both epidemic/endemic and non-epidemic
areas where fegionefla and legioneliosis have been widely reported. and (i) that the
number ot samples needs 10 be increased to allow for a wider definitive conclusion about the
presence and behaviour of Legionella bacteria in these environments  Evidenilv chiorination
treatment of pipe-borne water does not prevent the proliferation of this hardy bacterium in

potable drinkable water.

5.14.1 Raw Water Samples
The hardiness and widespread occurrence of Legioneliaceae was further

demonstrated by the survival ability of this group of bacteria in natural and man-made
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aquatic environment  In spite of the fastidiousness of Legronelia and the super abundance of
other microbiota. these bacteria appear to survive and compete well in the often substrate-
limiting conditions of aquatic ecosvstems  The results of this work show that Zegronella are
not doing badly at all in all the sample sources. and vielding a mean cell density of 107 ml

(Table 4-3 and Table 4-8)

5152 Polyvalent Pool Conjugates Reactions

On polvvalent pool reaction. pool A has the highest number of sirong (- 3+) staming
reactions.  This may suggest that /. preumopinla sergroups | to 4 is the most widelv spread
species of Legionella and may equally be easilyv isolatable  Rivers and dams in particular.
exhibited most of the 3 + intensity reactions. Figure 4-7 shows the ubiquity of these free-
living and pathogenic bacteria  Bauchi State recorded the highest average percentage
occurrence rate (58 3%) followed by Plateau (54 2%). Kwara (51 7%) and lastly. Niger
State (50 0%) These four States have in common the geographical location in the “Middle
Belt” region.  Curiously however. recorded lowest percentage rate also occurred in this
region. Federal Capital. Abuja. and Gongola exhibited fluorescence in 39 6% of the samples
each The remaining six other states recorded in the lower and mid-fourties. There are no
immediate reasons to explam. based on hmited measured parameters. why Middle Belt
States recorded both highest as well as lowest percentage occurrence of fluorescing
Legronella- like bacteria  Of the remaining States recording average percentage occurrence
rate. three States. Benue. Borno and Kaduna are in the Middle Belt zone while the

remaining three are extreme north. and all bordering the Sahara Desert  None of these
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eeoeraphical locations seems 1o explain the spatial distribution of Legronella bacteria in the

raw water samples of Northern States

5143 Legionella Population Densities at Polyvalent Conjugate Reactions

The population densities of fluorescing Legionella-like cells by group conjugates
reactions ranged from 12 x 10" 10 3.7 x 107 cells/ml in the pool A. 10 x 10" 10 40 x 10°
cells'ml in pool B.and 1.2 x 10" 10 6.3 x 10 cells/ml in pool C (Table 4-8). These densities
were all above the lower limit of detectability (9.1 x 10" bacteria per litre). established by
Fliermans ¢z al . (1979)  Based on this. all States” samples can be considered to conmain
potentialiv culturable densities of /. egronella bactenia  These densities also were higher than
those from temperate countrnies reported by Fhermans ¢/ o/ (1981) in natural aquatic
habitats in the Southeastern United States (10" to 107 cells per ml). Many of the densities
were within the range 107 1o 10" cellyml. that is considered potentially pathogenic to
humans (Fhiermans er a/l.. 1981). especially, the susceptibles  Thus, there were no samples
with densities below the detectabale limits.  This may be due to the fact that each group
conjugate was detecting at least four serogroups or four different species of Legionella and,
the high specificicity rate of the DFA

However. there were some samples which did not contain observable densities of
Legionella bacteria at all There were some with observable densities in onlv one or two of
the eroup conjugates This observation was rather puzzling  The ubiquitv of
Legionellaceae in the environment makes it easy for DFA to detect some of the cells. life or
dead. and possiblv other cross-reacting bacteria.  Perhaps their compiete absence goes 1o

confirm the high specificity of the DFA  Since environmental samples are known to contain
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numerous and diverse microbiota. and /egonclla population densities are extremely fow
compared to the total bactenial population (Fliermans e «f . 1981). their detection mayv be
obscured. especially in under-staming  The presence of only one negative sample under
pohwalent pool A conjugate further underscores the ubiquity and the predominance of /.

pueimophila. especially serogroups 1 1o 4 1 the samples tested

5 144 Species-Specific FA Reactions

From the natural water related environments. DFA casts further hieht on the
universality of Legionella organisms. Every possible niche examined showed Legionella-
like cells under both gcroup-specific polvvalent pools of fluorescent antibody and 1vpe-
specific antibody tests 1. puewmophila. the type species. again occupies 1ts first position
among [egronella species 1t showed a strong presence in both population densities (Table
4-8). and fluorescence intensities (Table 4-9)  This predominance was also observed under
potable water samples ( Table 4-3. and Table 4-4)

The widespread occurrence of Legione/la in natural aquatic environment is not as
surprising as in potable drinkable water In potable water where fow microbial load and low
nutrient contents exist and persist for the most part. the varnous associations of /egionella
and other microbiota was observed to be supportive of Jegionella growth and survival
(Stout e7 al.. 1985) Obviously. the condiions which exist m potable water systems for
instance. tip the ecological balance in favour of 1. pnemmaophila. the prototype species  In
the raw water (natural environment). many microorganisms such as Flavobacierinm.
Psendomonas. Alcaligenes. and Acmeiobacter which support the erowth of 1. pucimopiuia

(Pope ¢r al.. 1982a. Stout ¢/ al . 1985). are found more freely in larger numbers than in
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potable water  Thus. the mcrease m Legronella species and their distribution in the natural
emvironment of Northern Nigena However. the chalienge to estabhish the abundance of
these [ ewronella - sumulating/supporting bactenia in our natural aquatic environment will
need 1o be under taken in the future  Only then can we have data on our local environment

to support the findmgs in our environment

515 Comparison of Group-Specific and Type-Specific Reactions (from Potable and
Raw Water Samples).

The correlation between polvvalent pool conjugates and serogroup - specific
fluorescent antibody conjugates reactions was. most of the time positive.  The number of
reactions were fewer on polvvalent pool conjugates. whereas. there were three times as
many reactions at group-specific conjugates.  Consequently. the percentage occurrence of
Fegronella was higher with group-specific antibody reactions.

In potable water samples (Fig 4-2 ). most of the percentage ocurrence of polyvalent
conjugate reactions correlated positively to group - specific reactions  Katsina State waters
had the highest number of samples with detectable cells of Zegionella morphology.  The
percentage of fluorescing cells was 64% At monovalent conjugate reaction (Figure 4-3),
the percentage rate went even higher (89%). a very good positive correlation  Abuja (FC)
and Plateau were both second in percentage positivity rate  However. while Abuja
maintained a positive and higher percentage rate correlation at monovalent reaction, Plateau
wave a neganve correlation percentage rate (-1 4)  The reasons for this downward trend
becomes obvious looking at Table 4-4  There were verv low or no fluorescence activity for

L. pnewmophila serogroups 2. 4. 5. and 6. There were no detectable cells of .. hozemeani



1. gormai exhibited 3+ fluorescence in 30%, of the samples but weak staming reaction
(2+) or complete absence in 30% 1. nucdadder showed onlyv weak staining reaction and was
not detected in one of the samples at gcroup-specific conjugate reaction  The 3+
fluorescence at pool B and C observed earlier (Table 4-2). may have been caused by either
L. dumoftfit and /or L. longbeachae serogroup 1. pool B. or L. longbeachae serogroup 2.
pool C. or other antigenically related non-Legionella betena.  Similarly a negative
correlation (of -3 5) was observed between polyvalent and monovalent pool conjugates
reactions in Kaduna State  Table 4-4 shows that /. ppenmophilla serogroups 2. 4. 5. and 6
fluoresced in one or two samples only. while /. hozemani was not detected at all  The
observed pool B and C fluorescence activity of 3+ level in Hotel A cooling tower and { of
1= level) in Hotel B bath-tap (Table 4-2) mav have resulted from /. dumoffn and /.
longheachae serogroup 1. or any other antigenically related non-Legionella bactena  The
remaining States all exhibited positive correlation ranging from 4.7 in Sokoto to 306 in
Gongola State (data not shown)

Polvvalent pool conjugate reactions in raw water samples all correlated positively
with monovalent fluorescent antibodyv conjugate reactions  The correlation rates ranged
trom 173 in Bauchi waters to 46.5 in Gongola  Rivers and dams were particularly rich in
most reactions. Contributive to these high positive correlation rates is the fact that /.
prcumopliila serogroups. espectally serogroups 5 and 6. were more readilv detectable than
thev were in potable water. Particularly. /. hozemanii species that was probably present

below detectability imits, or was almost absent in potable water. suddenly became abundant

m raw water samples
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Reasons for this strong presence of this species mav be thai natural environment
provides a “less competitive” habitat because of s abundance of food sources. and less
demands for adaptation and nutritional stresses. Only in Katsina was /.. hozemami below
detectability limit or was lacking completely.  In few other states (Kano. Benue. and Abuja)
the organism was present in only one sample each (Kadawa dam. Q river. and River Upa
respectively) These reasons together with the fact that more svmbiotic associations can be
easilv established in natural environment of diverse microflora than in chemically treated
water. may also support the wide-spread and high concentrations of all species in all
environments i this study

The high densities of all species in all the states are clearly llustrated on Figures 4-3.
and 4-8 Nearly all the sample sources were of city imits. or dotted by villages  Therefore
the possibility for heavy water pollution was remote  Neither was there anv significant
recreational activities in. or around any of the sampled sites  So without anv apparent
pollutants such as detergents to cause algal growth and cvanobacterial proliferation (Ortiz-
Rogue and Hazen. 1987). [legionclla orgamsms were still relatively abundant and
widespread in the Northern States  This was not surprising because of the various
associations (discussed earlier) these bacteria have with other aquatic microflora  Fresh
water amoebae and cihates of the wvenera Acanthamocha, F.ehmamoeba. Harmmanella,
Naegleria, Tetrahyvmena, and velidim spp. support the intracellular erowth of Legionelia
and consequently constitute a mechanism for the amplification of these baciena in aquatic
habitats (Rowbotham. 1980a. Fields ¢7 a/.. 1989, Wadowski ¢r /. 1988 and 1991)

There were a number of sample sources that were located within the towns or cities

and open to limited human activities  Such sample sources include rivers running through
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the cities like Kaduna. Zaria and Jos;.and dams such as A B.U. Dam. Zaria Dam. Shika
Dam. Birnin Gwarl Dam, and Saminaka Dam, all in Kaduna State; Liberty and Rock
Fountain Dams in Jos. Bazauda and Tiga Dams, in Kano, Mairuwa and Kankara Dams in
Katina State. and Kainji Dan in Kwara State. Pollution was limited to human activities and
as such did not affect significantly the measured parameters. However. chemical parameters
were not tested, and the densities of Legionefla were not different from those of other

sample sources. Heterotrophic Plate counts were slightly higher (data not shown).

516 Legionelly Species and Scerogroups from all the States.

The occurrence of L. puenmophila serogoups 1 to 0. aind 1. bozemanii, L. gormanii
and L. micdadei (Figure 4-4. and Figure 4-9) further highlights the seeming interserotypic as
well as interspecific distribution of Legioneliaceae n all natural aquatic habitats in Northern
Nigeria. The heterogeneity in species distribution seems to suggest habitat adaptation. since
the pattern is similar, if not exactly the same, in every State. Why L. hozemanii was the
least detected member of Legionellaceae n every environment is not known.  In potable
water samples it was detected only in Abuja. Borno, Gongola and Kano States. it was not
detected at all in A/C water samples nor in wells or boreholes water samples (Table 4-4).
The answer to the question may be suggested from the analyses of raw water samples (Table
4-9). In this natural environment, there was a remarkable increase in the numbers of 1.
hozemanii positive samples. Only Katsina State did not have any [. hozemanii positive
water sample; the remaining ten States and the Federal Capital had | to 4 positive samples
each (Table 4-9). This may be that (a) £. hozemanii does not adapt well in man-made or

man-aitered environment. (b) the organism is more subject to environmental and nutritional
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stresses than other members of the Lewonellceae or () the bactenum was present below
detectable limits. or all of the above mav be true  However. this still does not answer the
whole question because the first two answers could not explain why /.. bozennir was not
detected n wells and boreholes water samples  Neither was the bacterium detected in A/C
cooling tower samples. although Negron-Alvira er o/ (1988) were abie to detect and 1solate
. hozemani in one out of four cooling tower water in tropical Southern America

In potable water samples. /.. pueumophila serogroups 5 and 6 were detected less
frequently than the first 4 serogroups in almost all the siates except Katsina State
(Serogroup 6) and Kwara State (Serogroup 6) All other states. except Katsina, Kwara.
Niger and Sokoto States have between one and three negative results (Table 4-4) that were
positive at polvvalent conjugate (Table 4-2)  This gives about 38% of the samples negative
but which were positive at pool B conjugate reactions. suggesting that about 38% of potable
water samples mav comain /. dumoffu serogroup | and 1. longheachae serogroup 1 In
raw water samples however. only about 8% of the samples which were positive at pool B
conjugate reactions gave negative results at species - specific conjugate reactions  This
findings. if further investigated mav throw some light on whether /. diumoffii serogroup |
and 1. longbeachae serogroup | are more adapted (cunously) to man-made environment or
that they are simply overshadowed by numerous other bactenia in the natural environment
In other reported non-epidemic studies (Filermans ¢f o/ 1979, and 1981, Ornison ef al .
1981. Bopp ¢r al . 1981, Yakubu and Pass. 1983, Ortiz-Roque and Hazen. 1987. Negron-
Alvira ¢r al . 1988) there was no emphasis at this length on individual species or serogroups
Most work has been as a result of epidemic outbreaks. of Legionnaire’s disease (1.D).

consequenthy /. pnewmophika. the most common cause of LD, since Philadelphia 1976. has
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trequently been the species commonlh_\-' isolated. /. micdadei has been the species most
commonly implicated in pneumonia after /.. prenmaphila, then followed less frequently in
isolated cases. by /.. bozemanii. Implicated even less frequently bave been L. dmmoffii and
/. gormaini (Fang ¢ af . 1989). although /.. dmaoffii was among the three most common

isolates in a French hot spring spa studies (Bornstein ef af., 1989},

3.1.7  Legionella preumophila Serogroups 1 - 6 in every State.

Approximately 85% of the documented cases of Legionellosis have been caused by
L. poeumophila, while serogroup 1 and ¢ have by themselves. accounted tor up to 75% of
the Legioneflit reported to cause human illness in the United States of America (Reingold ¢/
«f.. 1984). Figure 4-5 and Figure 4-10 show the widespread and distribution of these
serogroups of 1. priewmopinila in ali the Northern States of Nigeria. All six serotypes can be
seen to be distributed in a random fashion from one state to the other The common or
predominant serotypes. after serotype 1. in decreasing order of frequent and high percentage
occurrences were serotype 3. 4. 2, 6, and 5, for potable water samples (Figure 4-3). In the
raw water sources the interserotypic distribution pattern observed slightly varied. L.
pireamophifa serotype | still matntained the lead. though fosing position in Katsina State
samples where serotype 3 predominated. Similarly, of the remaining'serotypes. the frequent
and high percentage occurrence in decreasing order was serotype 4. 2, 3, 6, and 5.
Serotypes 2, 3. and 4 often traded positions {Figure 4-10). In this study. the intraserotypic
difference in distribution and the intrasampling area varnatton were distinctive in all sampling
areas. In potable water samples analysis tor example. /. pneumophila serotype 1 alone

predominated in Abuja and Sokoto State samples. However. the intraserotypic distribution
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ot the remaining five serotypes in Ih;sse sampling areas was remarkably difterent. Abuja
constituted a homogencous sampling area, whereas Sokoto was more heterogencous and
lack serotype 5 (Figure 4-5). At a French hot spring spa sampling area, 1. pnenmophila
serotype 5 was not detected among the fifteen different species or serogroups that were
identified by Bornstein ¢f «/. (1989).

In other findings elsewhere in the world. [. preumophila serotype 1 has alwavs
maintained predominance. followed by serotype 3 in the tiropics, whereas serotypes 2. 3 and
4 in 1emperate climate bave often traded positions: {Negron - Alvira ¢f «/ . 1988 Oniz-
Roque cf al.. 1987 Bopp ef af. 1981 Fliermans ¢ uf.. 1979, and 1981).

More research work need to be carried out in Nigeria, and Africa as a whole to
supply more data upon which future findings will be based. Currently. there is insufficient
data to permit any conclusion as to which Legionefle spp or seratype is predominant in
tropical Africa  Onlv the distribution of Legioneller in the tropical habitats could tell {us)
whether the aquatic parameters are distinctively different from those in the temperate and

tropical regions thus far studied.

5.1.8 lsolation ol Legionella from the Environment,

Bacteria of the famly Legionellaceae can be found in both natural and man-made
environments. And although only a handful of studies relatively, have examined natural
aquatic habitats for the presence of these bacteria. numerous investigations on the presence
of Legionetla in artificial environments have been made. These man-made environments are
thought to act either as amplifiers or disseminators of Legionefla and are thus of great

importance in understanding the epidemiology of Legionnaires” disease. The relatively



higher percentage oceurrence and higher population densities observed i this studv are in
asreement with the role artificial environment plays in the amplification of Jegionelta
bactena in the environment

Although Jegionellu species were wide-spread in both artificial and natural
environments. isofation rates were below 30% (41 5% and 46 0%) respecuvely  These fow
rates were not unexpected. /Jegionella bacteria. in spite of their ubiquitousness in aqguatic
environments. constitute a minute mmority among microbiota found in water  Addmionally.
thev are very fastidious and slow growing, taking up to 3 - 7 days or more to form visible
colonies. consequently they are readily outgrown by faster growing contaminants. even on
selective media This is because the selective media at best are still sub-optimum and the
numerous and diverse microfiora found or contained in environmental specimens make it
impossibly difficult for anyv single combination of antibiotics to be effective in suppressing
competing flora in all specimens (Bopp ¢r a/. 1981) Even the acid buffer procedure used in
combination with selective medium. were able to 1solate Zegronella from only 45% of water
samples known to contain this group of bactena (Bopp ef al.. 1981)  Other important
reasons for the failure 1o 1solate £ egionella from a higher percentage of’ DFA-positive water
samples include (1) Lack of optimum selective isolation medium (long storace under warm
and humid conditions including product quahty may contribute 1o this factor). (i) the
presence of nonviable but intact cells. (i) competition and antagonism from the natural
biota and. (v} the presence of ‘injured” or non-culturable cells as a resuit of long
transportation distances. long storage period under fluctuating temperatures (electriciny
faillures). impaction on the filter membrane or because of toxicity of the membrane itself

Many of these militating factors are common problems in the isolation of Zegionelia from
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environmental samples (Fliermans ¢/ a/.. 1981, Cherry and Milan, 1984 Yakubu and Pass.

1083).

5.1.9 Mode of Transmission of Legionella pnenmophila

L. piewmophila is a well-known cause of respiratory illness called Legionnaires’
disease (LD), while some strains of the species cause a non-pneumonic illness called Pontiac
fever (Fraser er al.. 1977 Glick vt al. 1978). While several outbreaks of the disease have
been epidemiologically linked to air-borne route ({Amow er af.. 1982 Band e7 a/.. 1981:
Kirby er of., 1980; Zuravleff ¢f o/, 1983), other outbreaks and sporadic cases have been
difficult to explain by this mechanism (Ploufle ¢7 ¢f.. 1986). The pioneer, Fraser (1984) of
the CDC has suggested that other potential routes of acquiring L. prctmophili should be
explored. And as the exact mode of transmission of this life-threatening disease has eluded

definiion, the following theories of transmission have been proposed (Muder ¢/ /.. 1986).

5.1.9.1 Aerosolization as a Mode of Transmission,

Acrosols are produced bv such sources as cooling towers and evaporative
¢ondensers, showers, whirlpools. humidifiers. and respiratory care equipment. These
aerosol-producing devices are all man-made and operate with water. Under pressure water
passing through them is atomized into small droplets. drift or aerosols and are entrained in
the air-stream, carrying along with them microorganisms in the water. These aerosols of
A/C and water distribution systems can be spread or dispersed over a relativelv large area.
Such A/C cooling tower drift are known to reach up to 20 to 50 km downwind (Tvndall.

1982). legionella cells, amoebal cysts or algal cells containing legionellae are carried on
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these fine drift. which are m respirabie size (1 to 3 um). and capable of fodaing far down
into the alveoli and terminal bronchioles (Fitzeeorge er af . 1983). Susceptible individuals
mav then inhale these cells. or legionellae-carrving amoebal cysts or algal cells in sufficient
number to start the disease Fitzegeorge ¢f ¢/ (1983). and Baskerville ¢7 ¢/ (1981). have
also demonstrated the development of fatal infection in guinea-pigs exposed to aerosols of
. pucimophila 1o support this mode of transmussion  This makes the mhalation of /.
preumopinia from aerosol-producing sources the most likelv route of transmission of LD
{Breiman e¢r af . 1990)  These sources include cooling towers and evaporative condensers
(Dondero er af . 1980, Cordes ¢r af . 1980, Garbe ¢ al.. 1985). showers (Breiman e al.
1990). whirl pools (Vogt er «f . 1987). humidifiers (Zuravleft ¢7 a/ . 1983). and respiratory
care equipment (Arnow ¢/ «/. 1982)  This phenomenon of aerosols production from
cooling tower systems would seem to himit legionellosis to industrialized countries where
heat rejection svstems abound  This would appear to spare the developing world the
menace of this dreaded disease

But this is not the whole picture.  Apparently there is no recorded literature on
aerosols generation from natural aquatic environment. such as water falls. wave motions in
open bodies of water (lakes, dams. ponds. and rivers) However. there 1. evidence to
suggest that acrosols are generated Researchers at Mount St Helens Lakes (USA). often
contracted flulike svmptoms after retrieval of water sampies from the lakes (Fliermans er af .
1984)  Isolation of 1. puewmoplula from the lakes confirmed the fear thar LD can be
contracted from natural bodies of water. although research has not turned on a serious
search hght there vet. The occurrence of LD among patients and therapists at a French hot

spring spa (Bornstein e a/. 1989) further highlights the phenomenon of aerosols. the
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ecology of Jegiomellaceae and the epidemiology of human exposure 1o them  Even though
onlv mild cases of infection were encountered. the findings have important implications for
the maintenance of adequate standards of hvaiene. bacteriological sampling and clinical

survetllance i this and stmilar establishments

S 192 Ingestion as a Mode of Transmission.

Although there was a significant association with acquisition of LD and the
consumption of water n the imphcated hotel at the Philadeiphia 1976 outbreak of LD.
evidence to support ingestion did not come easily.  However. more evidence has since
emerged to support this theorv  The demonstrable evidence include
(1 infection of guinea-pigs with /. pircumopiila via the oral route (Plouffe ¢r of. 1986,

Katz and Matus. 1984)

an Gastrie lavage using contaminated tap water has led 10 Legionnaires” disease (Dournon
¢ral, 1982)

o Identificanion of antacid use as a risk factor (Jones ¢/ al. 1984). suggesting that
ingestion of potable water contaminated with /.. pneumoplila may be a mode of entrv of
the organism This putative mode of transmission brings the disease even closer to rural
settings. because /Legionella bactena were detected in well water. creeks and streams.
and spring water. all of which are used tor drinking and domestic purposes in most

developing countries
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S 1o Aspiration as a Mode of Transmission

I'his has not been fullv established However. bacteria associated with aspiration
pneumonia tend to be normal flora capable of colonizing the oropharvnx in the situation of
prolongzed hospitalization  Many such bacteria are endowed with organelles such as pili that
mediate adherence to pharvngeal epithehal cells. these organelles are possessed by
[ewmonelfa bactena (Rodgers e af 1980).  Additionally. the oniv parameter that could be
linked statisticallv to acquisition of the disease in the Philadelphia 1976 original outbreak
was ingestion of water (Fraser ¢r al . 1977)  Affected individuals had a high incidence of
conditions that could predispose to subclinical aspiration. such as alcohol ingestion. or
impede pulmonary clearance of  aspirated microorganisms. such as cigarette smoking
(Fraser ¢r a/.. 1977)  Given this new informaton that water distribution systems of large
buildings mav be contaminated by Legronella. it now seems plausible that acquisition of the
organism can occur not via the A/C system alone. but also via the water distribution svstem
with aspiration of contaminated water as the mode of entry into the lungs This has

underscored the need for alcoholics and smokers to reduce this additional risk factor

5194 Direct Instillation via Respiratory Devices,

in chnical setting. some respiratory devices have the potential to disseminate
pathogenic nucroorganisms because of the high pressures and volumes with which they
deliver vases and may generate rather intensive aerosols  This pressurized aerosols mav be
capable of overwhelming or bypassing the normal defence mechanisms of the respiratory
tree and fodging infective aerosols in alveoli  The practice of ninsing respiratory devices

with tap water carries along this iherent nisk because of the widespread distribution of
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fegionetia in tap water. Rather. distill water should be used m rinsing respiratory devices.
Nosocomial Legionnaires’ disease has been linked to the use of such devices as jet

nebulizers filled with contaminated water {Arnow ¢f uf, 1982)

5.1.9.5 Non Pulmonary Portals of Entry.

Pneumonia is the presenting clinical manifestation in more than 93% of cases of
Legionnaires™ disease (Muder ¢/ ¢f . 1986). However, Brabender ¢/ «/. {1983) reported a
convineing evidence of nonpulmonic portal of entry of . preumophifa in wound infection
of a post-operative patient who had undergone daily immersion in a Hubbard tank. Both the
wound and the water supply of the tank vielded L. preumophila serogoup 4. the patient did
not develop anv evidence of pulmonary infection. Therefore. contact with contaminated
water may. on rare occasion, lead to soft-tissue infection with L. prcwmophila  (Muder cof
al.. 1986). However. in both forms of legionellosis. person-to-person transmission has not
been documented (Dondero er ¢f.. 1979, Yu ¢/ o/.. 1983),

From the foregoing theories therefore, Legionnaires’ disease may be contracted
through any one of the *modes’ above. There has also been two reports of pericarditis
tfollowed by seroconversion to L. prenniophile in the absence of pneumonia (Harris, 1981
Spano e¢f af., 1982). This, together with the fact that Legionella spp are ubiquitously
distributed within water related environments further lends credence to the fact that many
people dailv come in contact with Legionella bacteria in one environment or the other.

Incidentally, data are lacking with regard to the magnitude of Legionella
contamination in home potable water and hot waler systems and any potential association

with legionellosis. However, the ubiquity of these organisms in nature gives a high
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probability that large numbers of heal.th,\-' persons are frequently exposed to Legioirelfa in
homes. 10 the workplace, and in private and public buildings ot all sorts. It will appear then
that many /.cgionella bacteria in natural and municipal waters are either not highly virulent.
that exposure to the organisms is minimal in extent. or that most persons are not susceptible
hosts: or perhaps all are true (Fraser. and Mcdade 1979).

So far the predominance of /. pucumophila  scrogroup 1 was  adequately
demonstrated in this work as was also attested by Mckinney ¢f /., (1979), who showed that
most strains of LD bacteria belonged to serogroup [. This fact may reflect the ability of this
particular serogroup 1o adapt to diverse demographic conditions and hence its superior
ability to survive. compete, and multiply to a concentration easily detectable and to maintain
such concentration overtime as repeat sampling has shown in this work. Fliermans (1983)
reported that 1. prewmophila serogroup | (Knoxville strain) multiplied and survived longer
than representative strains of serogroups 2.3.and 4 in diffusion chambers at 55 °C.  Giving |
its prominent role in legionellosis and its survivance, it will be interesting to know if this
perdurability is a virulence characteristic.  Giving also the wide interspecies and
interserotypic  distribution of [legionclle. it was rather puzzling that  direct
immunofluorescence tests failed to elucidate serogroup 3 in five states’ portable water
samples. although serogroup 6 was not sighted either in one state (Kano) samples. Ortiz-
Roque and Hazen (1987) report shows that serogroup 3 and 4 were not detected in one of

their sample sites while species /.. dimoffii similarlv was not sighted in the same site,
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3.2 CONCLUSION

[.. premmophila and other Legionelle species can be isolated from both natural and
man-made water related environmental sites of the tropics. Fhermans, Cherry. and co-
workers long established that /. picimaophile was present m non-disease associated natural
waters. often in high concentrations and at wide temperature ranges. However, in tropical
Africa where for the most part. disease survellance 15 poor or nen-existent. disease -
association in this present findings is difficult to rule out.  Furthermore, there have been
many sporadic and often epidemic cutbreaks of diseases resulting in many unexplainable
deaths in various parts of Northern Nigeria. Symptoms of many of these diseases have not
been unconnected 1o chest or respiratorv problems. commonly referred to simplv. as
“preumona’

The concentration of Legionelli bacteria in the water distribution svstems, especially
in hotels and hospitals has once again highlighted the public health significance of this study,
and lends further support for the ubiquity of Legionelia species. in the water distribuion
systems as well as natural aqueous environment. [t also concurs that the etiological agent of
human LD well resides m natural and artificial aqueous habitats. And with the high rate of
Legionellu comamination of residential tap water. and the frequent exposure of residents to
aerosol from cooling towers of hotels. and probably from showers, it would be needful to
carry out serological test to demonstrate in the immunocompetent population the incidence
of legionellosis in Northern States of Nigeria.

My data also indicate that /1. punemmophila and other fegionella bacteria
contamination of tap water in homes. offices. hospitals. and hotels occurs commonly and

unimpeded.  This observauon is compatible with previous reports of Legronclla species



contammation ol potavle water  Hot potable water svstems mamtamed at o temperature
below 35 °C are more prone to such comammaton  The potential does exist theretore tor
[/ eronelio 1o comanminate distribution water through one ot several routes  These mclude
(1) breakdowns in the treatment process (Tobin ei o . 1980). (2) seeding with low number
of organisms from the suppiving reservoir (Stout ¢f ¢/ . 1982). (3) comammarion ol pipes
and tanks exposed 1o dirt and surface water which 1s likelv 1o be contaminated with this
ubiquitous environmental organism and (4 burst pipe lines Quring consiructions. repairs.
and . or high pressure changes. The knowledge of these possible contanunation routes is
important and should be mandatonn rather than volumary  Hence the mmpornance of
ensuring that people responsible for water - svsiems in large public buildings have an
adequate understanding of water-suppiv hvaiene

Infection with /.. prewmophila 1s caused by the inhalation of the orgamsm in a water
aerosol with particle size between 2 and 8 microns  This parucle size can travel deep nto
the tracheobronchial tree (Bartiett and Mactarlane, 1986). and cause the disease (LLD)  The
disease which occurs m sporadic or epidenuc outbreaks  has been heralded by a chain of
tive conditions (1) Jegonella of a stram virulent 1o man. must be present mn an
environmental reservorr (2) Environmental factors must exist that promote the growth of
Legionella in the reservorr 1o ligh concentrations. (3) A mechanism must exist for creatng
an aerosol of the water from the reservoir (4) Atmosphernic conditions must pernnt the
Legronella. suspended in microscopic water particles 10 remain viable And (3) a susceptible
human host must inhale the vapour contaiming viable orgamsm (Watson and O Mahony.
190Gy Outbreaks have occurred tand still are occurring) in developed countries of the

world. and have been associated with cooling water svstems used tor ar-conditioning and
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industrial purposes. domestic hot water svstems. wilirlpool-spas and respiratory therapy
equipment.  Since domestic hot water systems have been implicated in outbreaks of 1.D 1n
hoth hospitals and hotels. this has further underscored the heaith significance of legionellosis

and calls for even stringent measures at prevention.

5.2.1 Preventive Measures

A good knowledge of Legionella  bacteria and its ubiquity in water related
enviranment, especially in commercial air-conditioning systems, and its predilection for hot
warter systems where it mayv be sprayed as an aerosol, will aid in its prevention. One area of
priority is the epidemiology. the reservoir and possible means of control of this group of
pathogens. The clear message [cegionella bacteria seem to be  sounding is that
niicroorganisnis can exist even in the most developed medical centres and most sophisticated
hotels. can produce human disease and even death and still go undetected.  Every epidemic
in our modern times therefore reminds the scientific world of the stark reality of just how
difficult the identification of a pathogenic microorganism can be and just how obscure its
method of spread can be. The complexity of water containing services and higher
femperature prevailing in modern buildings undoubtedly increases both the risk. and severity
of Legionnaires disease outbreaks. Thus. all water svstems in buildings must be regarded as
potential breeding grounds for Legionella bacteria (Burberry, 1992).

It is important therefore to develop standards for air - handling equipment:. standards
for air-conditioning equipment. including a rigorous programme of ¢leaning, disinfection and
testing. These procedures should be monitored and kept up 1o date with the best current

practice (Burberry, {992}, 1t is important also to identifv biocidal agents effective against
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Legionella and amoebae in awr-condiioning  svstems (Elanore. 1980) ['his 1s neediul
because (1) Jegionello has been shown 1o be a common environmental contammant. (ii)
Arr-conditioning cooling tower svstem contammanon occasionally present an importam
public health hazard. (i) cooling towers constantly expose tremendous volumes of air to
recirculating water. thus creating aerosols. and (1v) the established associations between /.
prcumophila and fresh water protozoans amoebae in air conditoning cooling svstem must
be tackled and discouraged so that to reduce the proliferation of these bactena in cooling
tower system (Elanore. 1986)

Another preventive measure worth contemplating. but for the very expensive
operational cost 1s that of replacing wet coolmg svstem with drv svstem This svstem does
not use water and consequently eliminates the risk of Legionnaires™ disease spread from this
source In the absence of the dry svstem. a new device. known as the “Bug Barner™. could
provide an answer 1o the problem of LD This device developed by the British scientists is
designed to sterilize both mternal and external emission from large air conditioning svstems
by subjecting the air flow to high energy 10me radiations. The mstallation of such a simple
device in hospitals. hotels. factories and large office blocks would completely eliminate the
tisk of infections agents being distributed among unsuspecting public. However, our level of
development may not permit the use of some of these sophisticated measures Prevention of
Legionella  infections can therefore be accomplished best by minimizing exposure of
environmental Legronella, especialiyv for individuals who are at risk of developing the
disease. Thus surveillance of patients rather than the environment is expedient

If all the above measures fail. then the diagnosis of Legionella pneumonia is
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hghlyv desirable because timely admmistration ot specialized. diagnosis-dependent treatment
can dramatically affect patient outcome It also calls for hosputal epidemiologists. chimcians.
and laboratory microbiologists to include this genus in the differenual diagnosis ol clusters
of pneumonia. even if cases have not been documented previously. Ervthromven has been
effective in reducing the case-mortality rate and 1t 1s still the drug of choice of legionellosts

Primary treatment with two to four grams per dav. admimistered for three weeks is required

Ritampin could be given in addition to ervthromven to some patients who are seriousiy ill or
fail to respond to ervthromvein alone. but rifampin should not be given alone If
ervthromvein cannot be given doxvevehlines in combination with rifampin have been
recommended.  Additonal alternatve  agents  are  trimethoprim-sulphamethoxazole.
imipenem. and ciprofloxacin However. cephalosporins. aminoglveosides. and pemciliins are
not effecuve for legionnaires” disease. several species of [egionelia produce [3-
lactamase(s) Patient prognosis is linked 1o the nme required for a diagnosis 10 be reached
and ervthromyein therapy imtiated  This piece of information mav be usetul for our medical

practitioners and clinicians
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APPENDIN AL
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Possible Division of Legionellae imto Multiple genera on the basis of DNA Relatedness

Levels™

Levels of Relatedness ®o

40

Genus Designation
I
}

111
1,8

Vi
VI
V1
IN

NI
X1
NI
ACAY

Spectes mcluded

L. rubrilucens. 1. erviina

L. parisiensis, 1. cherrii

L. steigerwaln, 1. bozemeaini
L. dumoftu, 1. gormani, 1.
arisa

L. sanmthelensy, 1. saniierisis
Lospiriiensis

I waddswworthi

1. longbeachae

! nmcdader

[ maceacher

L. prenmophila

' ,!H!’J(HH\

. oakrideenses

[. geestiae

Lo jamestoniensis

! haeckehae
Lorubriluceans, 1. ervithra,
L. spirnensis

L. parisiensis, 1. cherri

L. steigervwalne, [ bozemaini
L. dumofin, 1. gormani, 1.
s

L. wadsworthi, 1. sanicrisis

L. sanitheleiisi



APENDIN A (Continued)

Levels of Relatedness %o

From Garritv er. al . 1988

Genus Designation

11

IV

Vi
Vi
VI
IN

X]

Il
A

Vil
VI
VI
IN

Species mcluded

kL

/

_ =~ o~

—

S,

seunthelensi. ] santicrisis

Jongheachae, . swergervalin

Lcherri
imicedaden

- maceachering
- pircmoplilea

L Jordamys

octkridgensis

Jeelen

CJAMESTOMRICHISTS
hackeliae

crubrilucens, 1. ervilra.

- SPITHICHISES.

L pawrisiensis, 1. cheern

- stergerwalta, 1. bozemaini

Cdwmaoffn, 1. gormani, 1.

WA

Csammhelense, 1. longheachae
Chncdaden, 1. maceacheriii
- poenmoplila

- Jordanis

Ockrideensis

feelen
CJUIMONTOWIHCNISTS

Chackelae

191



APPENDIN B

LEGIONELLA SPECIES, SOURCE AND PLACE OF ISOLATION.

Species

/

L.

/

— e e e

—

—

—

— e

—

o R R

prenmophihi
hozemanii

micdeded

- dumaoffit

L Zormenii

dongheachae

- Jordeains

e rkru.a{uvn_\u
Arvctdsworth

. feelen
sainthelensi

L LIS
Cmaceacherinng
. maceachernii
L JUERONTONWIHCTINS
. ribrilucens
cervihra

- I'Mt'h'fm‘.'

L SPIPHENSTS

- PATESICISIS

. cherri
srergerwaliin
. SUHICTHNTS
hrunensis

L IOravica

Cgraliaia

Source and Place

F.ung nssue. human pneumonia. USA

Lung pissue. human. USA

Blood. human. USA

Water. cooling tower. USA

Soil. creek bank. USA
Transtracheal aspirate. USA
Water. River. USA

Water. cooling tower. USA
Sputum. human pneumonia. USA
water. USA

Water. Spring. USA

Hot water. sink. UUSA

Water. home evaporator cooler. USA

Potable water cistern. USA
Wet soil. USA

Tap water. USA

Water. cooling tower, USA
Bronchal biopsy. USA
Water. lake. USA

Water. cooling tower. USA
Water. thermally altered. USA
Tap water. USA

Tap water, USA

Water. cooling tower. Czech
Water. cooling tower. Czech

Water. Spa water. France

Year of Isolation
1977
197G
1979
1078
1978
1980
1978
1081
1981
1981
1081
1981
1979
1082
1979
1080
1981
1981
1081
1981
1982
108 ]
1082
1087
1987
1988 or 89

192
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APPENDIX B Continued

Species Source and Place Year of Isolation
. adelardensis Water. cooling tower, Adelaide (Australia) 1987

- rnlivarni Evaporative A/C system of a bus Austrahia 986

l
/
L. birmghamensis 1. N A
/
/

[HCSONCIISTS I.N A
. CIRCTMICGHICIINLS [N A
1. israelensis [.N. A
L. fawrfieldensis I.N A
1. foimdmiensis I. N.A
l.. geeshae I N A
L. quarieraenses I.N.A
{. naurarim i N A
L. worsletensis I.N A

INA = Information not available

Modified from Brewner et al., 1985.
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APPENDIN C

Pathogenic and Non-pathogenic Species of the Genus Legionella*

- preamopiiia
mcdader
bhozemanii
dumaotfn
X ;".«m.::hn whaw
COrMCNi
- Jordanis
feeleir
(s
otkiic {L’t'n SIS
CIRCTINIEC NS
Cwadsserthn
Chackeliae
L HHCSORECNNES
maceachering
. birnnghamensis
cherru
ribrilucens

Caanithelens

“ Species in the left column have been implicated in human ilinesses

C PATESICHSES

. stergerwaltii
SCIMTCTHNIA

Casraelensis

- ratiaha

. farfreldensis

L oravicd

. brunensis

- quindivanii

- alelardensis

L JENROSTOW ST

londmiiensis

. geestiae

QUATTCIUCIISIS

AT

Cworlerensis

crvthra

- SPIFHECRSIN

Moditied from koneman e¢f a/ . 1992
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APPENDIN E

The Composition of Buffered Charcoal Yeast- Extract Medium.

Type of Constituents

Y east Extract

Activated Charcoal {Norit SG)

L-cvsteine HCL 2H.0

Ferric Pvrophosphate. soluble

Agar (GIBCO)

ACES Bufter {n-2-acetamido-2- aminocthane sulfonic acid)

Alpha-ketogluterate

i ‘_.i‘.,‘ i

Polvmyxin B (selective) R v,
\'ancqm_vcin {selective)
Anisomvein (selective)
INLKOH

Deionized water

Amount/Litre.

10 Dg

LT

10.0g
1.0g
40.000U
0. lmg
80.0mg
+40mi

1L
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APPENDIN D

Clinical Manifestation in Two Types of Legionellosis

Attack rate
Nortahiny
incubation Penod

Svmptoms

Etfects on Lungs

Eitects on

Kidnevs

Effects on Liver

Gastromtestmal
Tract
Central Nervous

Svstem

Legionnaires” disease

1 - 5%

15 - 30%

2 -~ 10 davs

Fever. chills. cough myalagia.
headache. chest pain. sputum and
diarhoea (and confusion or other
mental states on some)
Pneumonia and pleural effusion
(lung abscess in some)

Renal failure (protemuna.
azotemia. and heamaturia
some)

Moaodest hiver tunction
abnormalinies

Waterv diarrhea. abdominal pam
and nausea and vomiting
Somnolence. delinum
disorientation. confusion and

obtundation (rare)

1t|-\

Pontiac fever

Q5 - 100%

0%

5-6 hrup to 1-2 days

Similar to influenza. tever. chills.
and mvalgia (and chest pain. and

confusion n some)

Pleuritic pain. no pneumonia. no

lung abscess

No renal manifestatnion

No hver tunction abnormalittes

No abnormalities

No manifestations.

\Moditied from Fraser and MeDade. 1979, Win, 1988 WHO. 1990. Yu. 1990 and. Koneman

cral . (1992)



/
/
/

— —~— — e

— el

APPENDIN €

Pathogenic and Non-pathogenic Species of the Genus Legionella*

pirenmaopiila
nicedader
hozenranii
- dimoffu
lon I‘L’ht’{ Wi
COrMAan
~jordains
feeleir
CLHHsa
- Okrideensis
CCIICTIITICIIN S
weadsworting
hackeliae
AHCNONCHSTS
maceachern
Churminehicmensis
Ccherrii
Crubrilncens

Csenmthielens

* Species in the left column have been imphicated in human illnesses

—

C PATISICNSTS

steigerwaltn

SCHMICTHSTAS

- sraelensis

L eraliana

. fartreldenss

L moravicd

. brunensis

- qinliveani

- ctedelaidensis

L JAMESTOWTHCIISTs
lowcdnernsis

Cgeestie

CQUATTCIACHISES
Heiarm

Cworleienses

e Hira

L SPITHEenSIS

Modified from Koneman er ¢/ . 1992
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