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ABSTRACT

A total of 1.080 stool samples were collected and examined over a
12-month period for the prevalence of Salmonella spp. Only one
stool  specimen (0.92%) was positive in the dry season while
43(7.%%) were positive in the wet season. Of the 115 isolates
confirmed biochemically, 40(34.7%) showed agglutination with the
IS monoNalent antisera used while 00 did not react with them. They
might however contain other antigens which would not agglutinate
the antisera in the kit used. Of the 40 serotypes, 14 were identified as

Salmonella typhi while the 26 were identified as Salmonella

enteriticl.js with different varieties. Out of the 14 S. typhi isolates, 9
were isolated from water while 5 were from stool specimens.

With respect to water quality.peak levels of faecal coliforms in rura
wells were observed in the month of May and gradually fdl from
then to October. They were also isolated from surface water sources
in the study area. Counts of 1.0 x 10" - 8.0 x 10? faeca coli forms

per 100ml of water were found.

Parasitological examination of a total of 1,080 stool specimens for
the prevalence of parasitic intestina  helminths and protozoa

showed that 621 (57.5%) were infected. A breakdown of this figure
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showed that 226 (20.92%) harboured Ascaris lumbricoides, 143

(13.24%) had hookworm. 92(8.51%) had Entamoeba histolytica

and 43 (3.98%) had Giardia lamblia. Others included the following

number of cases: 31 (2.8%) of Schistosoma mansoni: 14(1.29%) of

Schistosoma bovis, 16 (1.48%) of Entamoeba coli. and 1 case

(0.92%) of the following: Enterobius spp, Trichuris spp. Taenia and

Strongvloides stercoralis. The prevalence rates were independent of
the location but dependent on season at P = 0.05. Polyparasitism

was observed amongst those infected with A. lumbricoides and

hookworm pairwise combination being the commonest. The
importance of provision of potable and safe water as well as health

education to members of the community are stressed.



CHAPTER ONE
INTRODUCTTION

Nost ol the people in Nigena are roral dwellers whose main sources ol
water tor domestic and other purposes (such as cooking. bathing and
cencral washing), are surtace waters.  The sources include streams. rivers.,
brooks. ponds and lakes which are often of questionable quality. These
water somrees  are more vulnerable to pollution than ground water (bore
holes  and awells), The quality of the  water can vary depending on
ool factors and man's activities i the catchment  serving the source
CUNEToR Tria and T eboka, 19880 Tvakaran and Giilpin 1989). fhe
primars reguitement of aowater suppls s that it should be sutficient and
sate The status of rural water supplies inans particular countiy usually
reflects 1t state of development t\WHOL 1983) In many raral  arcas of
Nigertin the waste swater discharges come in contact  with the s lace
waters and ground water which are used directly without treatment.

Vecordime 1o Hutchinson and Ridgewas (1975)0 the water evele  is an
ohvious mode of tramsmission of enterie diseases. Outbreaks of 1y phoid.
dvsentery or - cholera epidemics are caused by bacteriologically polluted
water Inoaddition. water of poor physico-chemical quality may have
adverse  health effects. cansing avoidable economic and human losses.
From a public health point of view, the essential  requirements of

community - water supply are safets. adequacy. convenience  and

r



continmty - water s msufticient. people tend to use any source ol waler
whether it s safe or not t\WVHOL 1969) The World Health Organisation
(19760 reported that about 15 billion people world wide drink — filthy
water his number is thonght to be increasing by about 20 million people
cach vear Up to 23000 people die each day in the world. from
swater-related miections and the fieures are increasing.

Nataral water bodies such as rivers. streams. lakes and  eround water man
contain bacteria and o wide variety of other pathogenic micro-organisims.,
[hese orconisms eet into the aguatic environment throngh sewagee
diccharees ond their presence inowater is potentially hazardous to health,
The mcidence of water-borne epidemic diseases in the rural areas is ol
considerable concern. Some of the illnesses in ral arcas may be traced
to the use of sewage polluted  water. Hutly et al, (1990) observed that in
I State of Nigeria, dimrhoca accounted for up to 73% of all illnesses
m vounge children and about 20" in adults. The risk factors  responsible
for this included  Tow  socio-ecconomic status, uncleaned  domestic
envitonments, use of untreated waste and Tack of soap

Fanlier work by ORoro (19860 showed that the surface water  sowrees in
[our villaees in Imo State of Nigeria were heavily - polluted with faceal
cohtorms and faccal streptococer. Sandiford et al. (1989) observed that
hond-due unprotected  wells had sienificantls higher levels of faceal

contammation  than protected riverside wells and springs during the dry

r
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season. Okuofu et al, (1990 also showed that wells in Samaru. Zaria
were heavily polluted using faccal coliforms and faccal  streptococct.
Lhey  observed that none of the wells reached  the World  Health
Oreamstion standard. Quthreaks of - gastroenteritis may be due to polluted
water samples withont  faccal colitorms. This has been observed by
Schubert iand Schetber, €197 The increase in the number of cases with
tsphoid fever and - gastroenteritis in our hospitals could be linked to the
diverse kinds of serotspes of Salmonella that abound in the enviromment
I here s o danger that a nesw serots pe can suddenly become endemic inan
arca and canse senons problems. The spread of Salmonella serotypes
fromn different sources in the environment is important. In view ol this
and the fact that plasmid acgusition or mutation can - conler resistance
tov treatment. the examination ot water and stool for the diverse Kinds of
Salmonella seroty pes inour environment is imperative. This is vital to the
suceess of any public health programme.

Bearme in mind the public health implications of these to the rural
communities in particular, this study has the following objectives.

I Toassess the bacteriological quality of raral water sources in Kaduna
State using faceal coliforms as indicators.

2 To determine the influence of water supply and sanitation on the

incidence of diarthoeal diseases in the rural areas studied by comparing



the documented cases in the local primary health care centres with the
ocenrrence of the organisms in their water supplies.

Lo attempt to isolate Salmonella spp from the facees of primary school
pupils and from water and to serotyvpe the isolates for possible Tinkage of
the somce of the organism with water or facces

4 Tooassess the prevalence of intestinal helminths and protozoans as in

primary school pupils in the communities under study .



CHAPTER TWO

LITERATURE REVIEW
21 Bacteriological quality of water - an overview
2 11 Bacteriological guality of well water
Several studies showed  that the quality of water depended greatly on the
Ivpe of water source from swhich it was drawn, the weather prior to the
fime of sampling  and whether it was taken directly from the source or
[rom o storave yvessel i the bome (hreip et al, 19780 Barell and Row Land.
[O70 Sclmerder etal, 1978 Shiftman et al, 1978 Torun. 1982).

Protected wells were found to be less contaminated than unprotected
wells dunne the dry season Tomkins et al, 1978 @ Wright 1982). Lhe
hactenolocical quality — of rurad water supplies in Nicaragua was studiced
ho o Sonditord et al, 1980y They noted that hand-due  unprotected wells
had siemticantly higher lesels of - faccal contamination than protected
riverside wells  and springs during the dry season. The explanation
offered by the authors svas that most privatels ovwned  sells were sitnated
about 10m from the latrines. The unprotected wells also contain a much
ereater volume of  water than protected riverside wells which e
cmpticd once or twice a vear by their owners.

Oean (1080 poted that unprotected wells were contaminated during the
vy seison by "washbhack” and  spilled water draining from the
plattorms Also cross contamination through the use of buckets and ropes
previousiv placed on the bare eround may occur. This correlates with
cachier studies by Kourany and Teltord  (1981) who found that mans
mprotected wells were veeetated with algac. mosses and the fem

Nephrolepsis  biserata on the walls, Crevices in the wells also provide

*h



hiding places for toads and froes which may be  faccally contaminated in
search of thes on soil surtace. Organie residue from anthropogenic
comees. probably o contaminated swith faccal matter and  from wall
veectation: may - provide additional sources of faccal  coliforms in
unprotected wells.

Fobin ¢1989) ohserved that Yersinia enterocolitica and  Campa lobacter
jeiunt were known to persist in natural - waters and might proliferate in
well water and  cause discase even in the absence ol faccal
coltforms Okuofu et al, (1990 examined the bacteriological and  physico
chemical charactenistics of <ixowells in Ahmadu Bello Viniversity
Aot Zariae Thes noted that the wells had higher faceal coliforms and
streptococet. They found that the unprotected wells had dead lizards and
other rubbish floating in the water: They also observed that individual
houscholders wse contaminated . buckets and ropes to feteh water. The
wells were also observed 1o be i close proxiity to busy footpaths and
toad As such dust and other extrancous nterials could  pain casy access

o the unprotected water

21 2 Bacteriological quality of piped horne water

Schubert and Scheiber (1979 reported that Salmonella could frequentls
be tolated from piped drinking water in Logo, esen in the ahsence ol |-
colt and coliforms. This was attributed to faulty well-heads and broken
reservolr covers allowing access to rambow  Lizards (Agama agiuna)
Fhese were often found to excrete Salmonella and sometimes few or no
I colt and other coliforms. Peters and Odevemi (1990) obsersed that the
faccal coliforms estimated from the piped water distribution syvstem from

NMokuro damin He-Te. Nigeria were hicher in the dry season than in the
r
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vy seison. baccal  streptococer were also found but exhibited no
defimte scasonal pattern. Fietkwo and Anchi (1991) isolated specific
colitorms from the pipe-bome water supplsing Jos metropolis. These
coliforms were characterised as Citrobacter sp: E, acrogenes.. 1=, coli and
Klchsielln aerogenes. Bacteria may eain aceess to the water in the
distnibution sastem from booster pumps, packing materials in joining
mains and damaged pipe lines

21 % Bacteriological quality of surface water

Cherry et al (1972 obserced that Salmonella could be found in polluted
s lirce water using a polvvalent  flooreseent antibady reagent. They
ohscrved that Salmonella dublin was the major serotype isolated. Oloro
(1986 assessed the traditional water sources  (rivers and streams) from
four villages in Ohoazara 1 ocal Government Area of Tmo State. Nieceria,
He noted that the Tevels of faccal pollution were higher during  the rains
season than i the dry season

Peters and Odevemt (1990) observed that the Nokuro dam  (in Te-1fe.
Nieerin had higher acrobie heterotrophic bacteria population (6.4 x
107" mh during the dry season than in the rainy season (7 X 10" ml). The
raw water could be contaminated through the run-oll from bushes and

Farms surreundime the dam and the stream.
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20 Possible indicators for assessing water quality

20 Ovganisms indieative of faecal pollution

[he vse of normal intestinal oreanisms as indicators ol faccal pollution
rather than the pathogens is a universally  accepted  principle  for
monttoring and assessing the microbial safety of water supplies (WHO.
1971 Indicator organisms should be abundant m facces but absent in
other somrces, they should be coasily tsolated. dentitied and counted and
thes should not eastly multipls in water. They should survive longer than
pathogens in water and should be more resistant to disinfectants
(Geldrerch, TORT: WHOL 1983 These  erteria can Tundly be met by g
anele orgamsm. Howeser, coliforms espectally b coli has fulfitled
almost all

Bactena nsed as indicators of taecal pollution include  the coliform group
ol oreanismes. faecal colitorms, faccal streptococei and sultite-reducing
clostricha especally Clostridinm perfrineens. Anaerobic bacteria such as
birfidobhactena and Bacteroides e more abundant than coliforms in
ficces but routine methods tor their detection and enumeration are not y et
avatlable (W HO, 1984

2200 COLTEORM ORGANISMS

Coliforms have long been recoenised as suitable microbial indicators of
dimbine water qualits because they are casy to detect and enumerate in

water. They are able to terment lactose in culture at 357¢ and 37"c. They



melude 1 ocol, Citrobacter, Enterobacter and Klehsiella spp. (APTHAL
1985 The presence of coliforms inowater may be due o inadeqguate
tredtment o post treatment contamination (WHO. 1971).

Fotal colitorms have long been recognised as suitable microbiological
indicators of water guality - The presence of any coliform bacteria should
not be talerated. and if found. sugoests cither inadeqguate treatment or post-
chlormation contamimation in the ssstem (Kaittreel and Fuebann, 1962) The
practical value of the total coliform measurement and  its sanitarny
stenticinee han e been shown over the sears (Bere., 1978) Geldreich et al
(1962 howeser showed that coliferm bacteria could multiply in sneam
witer. NMany environmental factors intluence the reactions of colilorm
hocteriy i streams to produce the tvpical pattern of nitial mcrease
followed by a systematic decrease. Changes  in nutrient level as well as
the production of toxic matenials are the most important - factors (Kittrell
and Farfan . 1962)

D2IWFAECAL COLIFORMS

Faceal colitorms are coliform oroanisms that are able to ferment Lactose at
M- 5 e They include Fseherichia and to a lesser extent, strains of
Citrobacter. and Klehsiella. Only F_coli specifically is of faccal origin.
bemge present in facces of man and other warm-blooded antmals in large
numbers WO TORL) Faccal coliforms represent over 96% of the

colttforms dermved from human tacces (Geldreich et al, 1962y It also

0



represents 3%, 1o OR%0 of those discharged in faccal excrement from other
warm-bloaded anmmals including Tis estock. poultry . cats. dogs and rodents
(Creldicich, 1973y Taccal colitorm concentrations range from 107 - 10’
per erm in man. 107 < 10 per eram in cats and dogs. 10 - 10" in
animalss and 1072 107 in rabhits, chipmunks and mice (Geldieich, 1976)
Ihese variations retlect not only differences in faccal moisture content but
also diet Probably diet ditferences also infhience the variety of strains
found i the faccal coliform populattons from different animal group-.
(Beres 1978y For examples the -+ - INIVIC strains. as well as other
faceal coltform INVIC types. are commonly found in the facces ol nan
and chicken

In polluted waters, faccal coliform measurements relate more precisely to
Frecal contimmmation and are significantly less susceptible to bias cansed
by the re-eronth characteristic of non taccal coliforms in receiving waters
(Deaner and Kerric 1969y Fssential factors that stimulate bacterial re-
cromth o polluted waters are nitrocen, carbon and a warm  water
temperature. The re-gronth phenomenon for faccal coliforms requires
excessive nutrient discharges eencrally associated with poor treatment
practices used on some food processing and paper mill wastes. When
nutrients are available in polluted waters in concentrations sulficient to

support Lrecal coliform persistence or re-erowth, Salmonella and possibly

1N



other bacterial pathogens that may be present, may  also persist o
extendded periods, (Berg, 197°8)

Faceal colitorms, Salmonella cnd enteroviruses have been found  in
sediments and studies of faccal coltform densities in these sediments
compared to the overlving waters indicate a 100 to 1000 fold increase
which man be expected in the bottom interface (Hendricks, 1981).

2216 FARCALSIREPTOUOCOC]T

I he normal habitat of faccal streptococed is the intestine of man and other
warm-blooded antmals, They can theretore be used as indicators of faccil
pollution. The following selective chemicals may be used 1o recover
faccal streptococet: potassium tellurite, thallous  acetate and  sodinm
chlonide. They can be enumerated by the most probable number method.
membrane tiltration method or by <clective ennichment. (Saleh, 1980
APEEA. 1983 Taccal streptococer are not recommended  for assessing
drinbime water gquahity because of their persistence i water with moderate
salt concentrations (Geldreich, 197600 When used as supplementary
bactenal mdicators swith faccal coliforms they may be usetul in locating
the ortein of faccal pollution 1 heavily contaminated sonrces ol raw
water Human faeces contain at least 4 times as many faccal coliforms as
faccal streptococet and this may vary in relation to the animal species and
ceoeraphical locations (Feachem . 1973) Recent work in 1 ceds. Fneland

has Ted 1o the development of a bacteriological method 1o distinenish

r



between human and animal faccal pollution of water (Cragui. 1981
[OR2)

2201d 0 COLIPHAGES  AS  INDICATORS  OF  FAECAL
POLTLUTION

N orapid coliphage  analvsis technigue (ARCAT)Y  for enumerating
coliphages in natural waters has been evaluated by quality laboratories in
the United States and a highly sienificant correlation has been established
(Meenstel e al, 1982y The method detects about six coliphages per
[omml withim 6howrs

Fhe cohpbaee levels can be yelated 1o colitorms to gtve a guick indication
ol the number of colitorm bacteria in potentially contaminated waters
CWenstel e al: T982), Viruses have considerable ability to survisve in the
aguatic envionment and mav renvin viable for dass or months (WHO.
T3 1 aplosive outbreaks of viral hepatitis and gastroenteritis resulling
lom sewave contamination of water supplies which were not faccally
contaminated at a detectable Tevel shows that a more sensitive indicator
hke the coliphage is needed to detect Tow levels of vitus contamination of
water. (0 raun and Mce Cabe, 1973

221 e SULPHITE REDUCING CLOSTRIDIA

Sulphite - reducing  clostridia are anacrobic  orgamisms. of  which
Clostndmm perfringens is the most characteristic. The latter is present in

freces thoneh m omuch smaller numbers than bocol ¢V TTHOY, 1980y 1 s



not used as a faccal indicator in the United States and only used
peripherally i Furope. It is used more in Eongland than any other country
Fhere e no casy methods for the quantification of this obligate anacrobe.
[he spores can survive in water longer than organisms of the coliform
aronp The abilitv to produce spores s the major factor hmiting the
usefulness of Clostridinm perfringens as indicator of water quality and
pollution. The oceurrence of hieh densities of sulphite - reducing bacteria
i waste water and polluted waters sugeests that they are of faceal origin
(Greldrerch, TORM T has also been shown to persist more in water than
Laccal colrtorms and taccal streptococet €Bisson and Cabelli , T980)

P20 BIFIDOBACTERIA

[he desire for an indicator ss<tem which  unequivocally indicates the
presence of faccal material and the existence of o potential health hazied
has stimulated research alone two lines - bacteriological and brochemical.
One of the more promising and least studied bacteriological  indicators
are the ntidobacteria These oremmsms o which constitite a0 nagon
component of the guts of human and other warm-blooded animal species,
are sull relatively unknown The obscurity is probably  due o their
requirement for anaerobic conditions, vet it is this same requirement that
makes them adeal as indicators of faceal pollution. They cannot multiph
m natwral waters and under laboratory conditions hine been shown to

have survival characteristios similar to Focoli (D vison and lames, 1973 )



NMossel 1938y was one of the first researchers to recognise the potential
ot bifidobacteria as indicators of faccal pollution. Later studies by Fvison
and Tames (1978) supported the beliet that the bifidobacterium test was
faccal  specific and that the test was sensitive. Levin (1977) noted that
these oreanisms may provide a specific assay by swhich lower animal and
human faccal pollution may be separated. This potential - differentiation
may be accomplished by the  clectrophoretic mobility of the enzyime.
huctose - 6 - phosphate phosphoketolase which appeirs to be ditferent in
oreanismes solated from birds cattle and homans (Fvison and Morgan.
1971 O the other hand, Obetu and Dada (personal communication)
observed that at high light mtensities and  temperatures. bifidobacteria
survive less inoriver water than T.coli and faccal streptococei. When
exposed o 12538my of Light for 120 minutes, F._coli. faccal streptococcd
and bifidobacteria were progressisels Killed i river water samples.

22 e PSEUDOMONAS AERUGINOSA

his oreanism often occurs in the facces of man but — in much lower
numbers than coliform oreanisms. 1tis an opportunistic pathogen of  the
vers soune and  those already debilitited by disease. being  frequently
solated from persons with uninary tract infections and  skin burns
(Hoadley, 1977: Cross, 1979). The organism occurs in rass water usually
i the presence of coliform organisms (Nemedi and T angi, 1971). The

oreanisme can proliferate in water by utilising low levels of nutrients

r
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present i the water or on plumbing materials in contact (Mce Feters et al.
1974

Namy well water samples which passed the coliform requirements have
been shown o have over 10000 Pseudomonas organisms per b They
have been <hown 1o attach to hiotilms in a flow throneh excretion ol
polysacharides forming long particles ( Tobin, 1989).

22 1h HETEROTROPHIC PEATE COUNT.

I his s used to assess the general bacterial content of water. It is however
of hitle value i detecting the presence of faccal pollution but o sudden
mcrease 1 the colony count from a croundwater source sugeests an carl
sen ol pollution of the  agmiter (Nuocller. 1977). The control of the
acsthetic gquality of potable water has been attributed to the control of
heterottophic plate count bacteria in distribution pipelines (Victoreen,
1970 A characteristic of many heterotrophic bacteria found in drinking
water is the ahility 1o form brightly coloured non-photosy nthetic pigments
tHerman, 19763 The use of heterotrophic plate counts and Psendomonas
actiginosa has been advocated to assess the hy gienie gquality of drinking
water (Geldreich, 1981,

o Ol |

220 Miseellaneous indicators of water quality
22 2 Coliform equivalent

Lhe detection of coliform equivalent has been  advocated as a better

measure of coltborm densities  m owater (Nis and Holmes, 1989y The



coltform  cquivalent test measures coliform densities by correlation ol
cnzvme activity with detined cell numbers in pure culture plate counts
(NIv and Bratton, 1986y During incubation. enzyme activity is measured
throneh o colour change hroneht on by the quantitative measure of
coltform bacterin imvolving o test protocol which is simple and  adaptable
tor use i the field. T also detects chlorine - stressed coliforms swhich
cannot be  detected by the NMPN or M technique.

Ieclere et al (1977) proposed o method hased on the production of
ehitamic acid decarboxy lase and the use of a technico - Auto Analyser to
atomancath sample and anatvae the water samples: In this  ingenions
process. the water samples are collected  and filtered through ulta fine
hollow fibres after  which the concentrated solution of  bacteria me
entiched by colturine in Lactose broth ot 10¢ for 8 hows. The carbon
dioade produced by the bacteria is stripped oft. prior to the mixing ol the
culture odd-bacteriy misture wath o elutamate solution buadfered ot pll
O Incubation contintes at 417¢ tor 12 hours and the formed carbon
dioxide 15 freed by the addition of sulphurice acid. A phenolphthalein
mdicator solution is used to absorh the pas. The  colour change s
measmred colourimetricalls and is related to the density of 1 coli in the
ortemal  water sample. The system s reportedis sensitive to enumerate

one Focoli per 100m1 of driinking water sample
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The Atlante Rescarch Corporation developed a rapid 1. coli testing
procedure for drinking water. This procedure is called the reverse phage
ttre tise reaction (Evison and Tames, 1978) Positive results are indicated
by the formation of plagues within o bacterial invn within -4 - 6 howrs,
Ihe presence of - plagues indicates that the water sample contained
bacteriophace capable of infecting the F_coli host bacterium. The implicit
assumption is that the presence of phage in water samples denotes the
presence of bacteria capable of supporting the  replication of phages
th v ron and Tames, 1978 In the west o 100ml sample of drinking water is
moved swth a nutrient broth followed by the addition of - an aliguot of
host ool cells. The suspension is thoronehly agitated and a sample of
this sospension s added to o 45 ¢ acar after which more . coli host
cells ane added . The top acor muxture is vortesed. then pomed into a peti
dish comaiming  nutrient acar which s allowed to solidily. Plates  are
menhated ot 33 ¢ - 37 ¢ tor 4 - 6 howrs and  then examined tor plague
formation (F vison and Lames, 197R)

Stidhes by Kenard and Nalentine (19740 have shown  that the ratio of
phace 1o faccal bacteria is about 071 peaardless of the level of
contamination. The test i< being improved to address sensitivity levels ol

one hacternnm per 100 samples
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222 b Immunological NMethods

[he | ozvme - linked immumosorbent Assas (FLISA)Y with a Reader has
heen nsed by Obat, (1980 tovdetect an enzyvme - Enterobacterial Common
Anticentl C Ay This  enzvme is released by enterobacteriacene. [
imvolves the pre-incubation of enterbacteriaceae in lactose broth (12-24
hoursy followed by boiling for 135 minutes to release  the enzyme. This
method hos been compared with conventional methods and has been
found 1o vield faster resultss Farly work by Cherry et al, (1972) showed
that a polvvakent fluorescent antibods reagent can be used to sereen for
Salmanella usine  enrichments of - <urface swater samples. Other
immuncloeical methods used in detection of bacteria in water involve the
use of antisera (polsvalent and monovalent). These  bacteria include 1.
coli. Salmonella, Vibrio cholerae (APHLAL TOR3).
22 2¢ Baecal steroids

[he faceal sterol, coprostanol (34 - cholestan 36 - 01) swhose only well
documented source 1s the facces of humans and higher animals has been
receiving attention as a potential indicator of faecal pollution (Murtaugh
and Bauch. 1967 Smith and  Gouron, 1969),
Coprostanol can be detected in the presence of other  lipid - like
compounds m water. Its lesel has been found to be highest in untreated
sewaee. s concentration decreases as the sewage proceeds  through the

beatment processes. In the aguatic environment, coprostanol levels are

r
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hichest in the sewaee ontfall area This decreases as one samples ap on
downstream from the outfall (Dukta and Fl-Shaarawa. 1975). Unlike
biological indicaters. faccal  sterols do not appear to be affected by
chenneal  disinfectants or tovie waste discharges, Thus for chlorinated
cthents, coprostanol levels wonld appear to be ideal indicators of facceal
contamination: and so of possible health hazards due to non-tnactivated
vitses. The presence of - coprostanol in water would indicate  the
existence ob faccal pollation in situations where the use of conventional
Bactenal mdicators are impossible. 1t has alse been suggeested to be
crecllont indicator of well - warer contimination under conditions where
s dithoult o ascertain whether or not the isolated coliform - tvpe
creanisms e of faccal origin or from lindwash (Dukta et al. 197:4)

Fhere are problems militatine acainst the use of - coprostanol as an
absolute idicator of faccal contamination. One of these is the Taborions
procedure required to process cach sample. Pnder  wdeal conditions. only
[0 - 12 samples per dav can be processed. Another problem is the lack ol
knowledee of the relationship between pathogens.  indicators  and
coprostinol in the aguatic environment (Dukta ¢t al, 1974 1 has also
buen observed by Dukta and F1-Shaarawi €1973) that there is no consistent
relattonship between faccal staols and  tradittonal  indreator bacteria
However: <urvey by Amuond and Odubela, (1991) have shown that

concentration of faccal steroids in water and sediments closels parallel

r
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faccal coliform counts. They noted that the data on faccal steroid analyses
have been found to be useful in detecting domestic waste in industrial
ontfalls that are low in micro organisms.  They suggested that the
mlormation presently available indicated that it would be worthwhile
extendine the measurement of faccal steroids to water supply  quality
evaluation

| aceal sterols have been found to be particle-bound and guickly absorb to
surfaces. This poses a problem in sample replication since it is difficult to
obtain a sample with homogeencously dispersed particles with each particle
contaimine the same concentration o coprostanol (Fyison and James,
1978y The observation that coprostanol and other faccal sterols are
readdily particle bound enhances their usefulness in monitoring sewage
treatment plant efficiency . The better the treatment the sewage receives.
the more partienlate matter is remosed. Henee the concentration of faccal
sterols found in the effluent may be indicative of treatment efficiency
Lhe finding of faccal sterols invaribly indicates particle-bound  faccal
material and - pathogens associated with polluted water are  generally
considered to be associated with these particles (Evison and James. 1978).

22 2.d Interrelationships between indicator organisms and pathogens

in water
Dunlop v al (19320 reported ratios of one Salmonella per 255,000 total

coliforms and LROO  enterococet in irrieation waters, Gieldreich (19700

20



cphasised that the use of a given bacteniological  parameter of water
aquathits "must be ultimatels elated to the probable ocomrence ol
water-home  pathogens™. He demonstrated that: Salmonella isolation
ocentied i less than 27.6% of fresh water samples swhen the faceal
colttorm concentration was  less than 2000 organisms 100ml. | he
heguency of isolation rose sharply when the range ol faceal  coliforms
wis o 200 2 2000 orgamisms 100ml while Van o Donsel and Geldieich
(1970 noted the  relationships of Salmonella and  faccal coliforms in
bottom muds taken from fresh water, Takes and - streams of varying size
and gquabits Thes recovered Salmonella from two - thirds of mud samples
when o the water above contained more than 200 faccal coliforms: 100m]
but only infrequently when the  concentration was less than 200 faecal
coltforms 100ml - They  sugeested  that the level of 200 facceal
coltforms 100ml mieht represent o sieniticant limiting  relationship
boetween mdicator and pathoeen. The  median of the ratios of Salmonella
m ond to faecal coliforms in mud was | to 14000 When the numbers of
Salmonella in mud  was compared to the numbers of faccal coliforms in
the overlay mg water. the median ratio was | to 150,

Smith and Twedt (1971 found an interrelationship of 11,580 coliforms.
W faeeal coliforms. 191 streptococct 1o thwo Salmonella pot [O0Om! of
ample viver water. The disibution of faccal coliform bacteria in the

Colarado river was reported as 38000 faccal coliforms mil of the bottom
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cediment. The log mean  surface water faccal coliform density was
2 10oml (Geldrich, 1981 Bisson and Cabelli (1980)  observed that
Clostridium_perfringens can be vsed as  an indicator organism and its
density related 1o that of T, coli. They observed that the E.coli /
Clostidium _perfringens  density - ratios decreased  markedly  with
increasing distance from the sources of pollution. Berg (1978) found that
the  densities of sulfite reducine clostridia were less  than 10/100ml in
more than 40 of water saniples from [ake Ontario bay. Since
perlimeens spores  survive environmental stress better than B, coli, one
would expeet the ratio of one to the other at any sampling point Lo vary
with the degree of disinfection at the source.

W heater et al (1979) found that the densits of Pseudomonas acruginosa
i usually Jess than 3.0 < 107 100ml whereas counts above 5.0 x
10 100m! of P._aeruginosa were frequentls obtained in hospital - wa 1
waters. Correspondingly. high comnts of 1._coli were found in hospital
waste waters when  compared to domestic waste waters, 1The ratio of I,
coli to PP_acruginosa in hospital waste waters was less than 25 to 1.

25 Sarvival of Indicators and Pathogens

Followine excretion. the concentration of all - pathogens usually declines
from the death or loss of pathogenicity . Viruses and protozoa will abways
decrease in numbers tollowing excretion but bacteria may multiply if they

find themscelves in a suitable nutrient - rich environment (Feachem et al,

(3]
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1983 Nultiplication of bacterial pathogens is eenerally  rare and eggs ol
intestinal helminths will decrease  in numbers following excretion. The
rate of loss of pathogenicity of an organism depends on  temperatures,
dvine more at higher than lower temperatures (See Appendix 1),
21000 Water borne protozoan diseases.
21 Ghaardiasis

s s an infection of the  small intestine but the bile duct and gall
bladder may also be infected (Mever and Radulescu. 1979; Feachem el al.,
1983y Tt has negative nutritional  consequences. more likely to be severe
m proloneed cases and inindividuals with Protein - Energy Malnutrition,
Tow eastric acidity and  immuno deficienes . It is characterised by greasy,
foul smellme stools without blood. fatulence.  anorexia and abdominal
cramps. Children are moere prone to mfection than adults. In a study by
Fomkins (19871 in Northern Nigeria, the prevalence was found to be 196
in 0 - 2 month old babies: 1% in 2= 3 vears old and 18% in adults.
Studies in the Gambia showed that age - specitic presalence of Giardiasis
were "o inintant (under 1 year): 24%6 in children (3 - 4 years) and 6% in
those over 40 vears (Bray and Harris, 1977),
Ocunba (1977) found that Giardiasis was linked to the low standard of
public sanitation in Thadan.  Data collected betsween May. 1967 and
December. 1976 showed that Giardia infection in the population was

about 1.65%. He noted that the regnlar seasonal  distribution of higher
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mlection rates of Giardiasis corresponded with period ol little or no rains
(December to Aprily when the communits depended more on well water
probably contaminated with custs,

Beasers have been shown to he reservoir hosts of  this  parasite
(lakubowski and Frickson . 1979 Craun (1979) noted that Giardiasis
accurred primarily i mountainons area of 11 SO A where the community
consumes untreated surface water contaminated by the  facces of beavers.
Simple disinfection did not seem  to protect the community against the
disease and neeative results tor coliform tests do not provide  assurance
that the water is free of Giardia evsts, Giardiasis may occeur when
defective sewerage pipes  are accidentally cross-connected with water
distribution pipes, Infection leads to damage of the small intestine which
canses malabsorption ot carhohvdrates. fats. vitamin By, and fat-soluble
vitamins (Feachem et al |, 1083)

T E 2 Amocebie dysentery

Amochic dysenters s aninfection of the large  intestine caused by the
protozoan bntamocha histolstica. Many cases are symptomless or cause
only: mild abdominal discomfort. Death is rare except in the already
malourished, The infection is  transmitted when contaminated water.
food or veeetables are consumed (Listorti. 1990). A study ol 26 villages
in the Gambia by Barris and Harris (1977) showed that infection rates

were 26% among  male and 43% among females. A 30-month study
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showed that prevalence rose to the peak at the start o the rains (May -
Iimey and falling at the end ot the dry season (April). The prevalence of
[, histolstica in Venezuela was studied by Chacein - Bonilla et al (1992)
who found that the overall amochic infection rate was highest in female
adults  (39.7%). However. intection rate of E. histolytica was 8.7.% and
that of Fnt.coli was 24.8% The ITatter 1s more common in stools ol
humans than the  former. Survival experiments by Geldreich (1972)
indicated that ¢yvsts of . _histolytica may persist  in good quality water
such as distilled water for at Teast 133 dass at 12%¢ 10 22%¢.

205 Balantidiasis

Balantidiasis is an mfection of the large mtestine  caused by a ciliate -
Balntidinm_coli. It causes  diarrthoea with blood stains. 1t is not veny
common  but is perculiar to communities associated with pig- rearing
(heachem et al, 1983 Oeunba (1977) observed  that the infection in
Ihadan. Nieerin was 0.05%, over a 10 vear period,

250 Diseases caused by parasitic worms

251 Ascariasis

\scariasis caused by Ascaris lumbricotdes.is common among children in
rural arcas and in poor urban children. Ova are found in fine  silts and
clayvs than in sandy soils (Feachem et al, - 1983). Survival studies carried
out on Ascaris ova in stream water samples indicated that survival varied

with dissolved oxy gen content. Larvae developed alier 60 dayvs of storage
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of the ova in the stream water containing 7.0 10 9.0 mg/1 dissolved oxygen.
In the absence of dissolved oxygen, no farvac developed (Geldreich, 1972).
During the dry season, transmission may decrease because the eggs are
desiceated in the dry soil. Prevalence of ascariasis may increase with the
advent of = rains. It has been found that the transmission of ascariasis
may be related to dietary practices. Soe et al (1969) noted a November -
December peak in the transmission of ascariasis in South Korea and this has
been attributed to increased intake of infested prickied vegetables. A study
by Chacin - Bonilla et al (1992) showed that the incidence of ascariasis was
higher in scheool children than in other age groups.  Scasonality in
transmission may also lead to a seasonal peak in pﬁeummlilis associated
with ascaris larval migration as has been reported in Saudi Arabia (Gelpi
and Mustapha, 1967).

Transmission is conmonest in arcas of poverty and inadequate sanitatton.
Children from house holds with good sanitation could become infected
when  they  visit homes  with  heavily  infected family  members.
Coprophagous domestic animals have been reported to be inportant in the
dissemination of the infection ( Feachen et al.. 1983).

2.5.2 Hookworm disease

Hookworm discase is caused by the genus Ancylostoma or Necator spp.

It is mainly acquired by penetration of the skin by infective larvae. The

infestation occurs more where sewage is used in irrigation farming
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trinsferring the infection by direct contact in the field especially in paddy
rice ficlds. Prevalence rates in rural arcas are always higher than in urban
arcas. The infestation is also higher in lower socio-economic groups than
amongst the higher socio-economic group (Feachem et al, 1983) The
disease is an occupational discase  of farmers being more prevalent on
those working on their farms without shoes and also those using  infested
sewaee or sludee for drrieation. The  discase is more prevalent in the
males than in the females in most parts of the world due to occupational
ditferences and habits.

Y5 4 Schistosomiasis

Schistosomiasts is a debilitating disease in which  the adult male and
female worms live in the venous plexuses. Infection is acquited in rice
cultivation, sswimmine or wading throueh fresh water that 1s infested with
the cercanine of S_omanson, S haematobinm or S. japonicum. Some
satls are known to be intermediate hosts of these worms. Young et_al.
(I1973) sere able to demonstrate that S paratyphi A could exist at
fvomable sites for  their growth on the surface and within the tissues
where Schistosoma spp were lodeing in man. This means  that infection
by the former may complicate  the infection by the latter as reported by
Fheasht et al. (1975 and Salih et al. (1977). Higashi et al. (1975)
sneeested that Salmonella infection might enhance the formation and

deposition of immune complexes in the Kidneys of patients  with



schistosomiasis while Salih et al. (1977) showed  that 5. typhi and S.
paratyphi - A were isolated from  the blood ol 16 out of 21 Sudancese
patients with prolonged fever of 1 - 10 month duration of” hepatosplenic
schistosomiasis with severe anacmia.

2,54 Disease of other worms

Diphyllobothriasis may be transmitted by the use ol water in reservoir
mipoundments "that are  contaminated by untreated  domestic sewage
(Sologub, 1957). However. the discase is mainly transmitted  through
consumption ol infected fish. Egps of the dog tape worm, Lichinococeus
granulosus may  be passed  occasionally  through  contamination  of
unprotected drinking water supplics by dogs. wolves and other :.pccicﬁ of
Cinidae. Studies on the high rate ol 'ehnicoceus infections in Yugoslavia
have been reported and tound in arcas where lakes and streams are scarce
and drinking water supplies come from open pools of rain water, run off

trapped in eround depressions (Emili and Tomasic, 1954).

2.6 Interventions for the control of Diarrhoeal diseases

2.6.1 Improved water quality

Fhe provision ol improved water supplies is  important o curh the
escalating number of cases of  dismrhoea. Improvements in water quality
are more  likely to reduce the incidence ol diarrhoca than  improvements
in  microbiological quality  (Briscoe, 1978, Lsrey ¢t _al, [991).

Disinfection with chlorinating agents have been used for long to control
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bacterial acents of diarthoea (White, 1986y but ¢vsts of Amebae and
Cordia v uses and T egionella spp are known to be unaffected. Rubin et
al (1083 sneeested that hypochlorons acid was the most effective form
of ¢hilorine for dismfection at the pH oranee of 5 - 9 Nost studies on
chlorine inactivation of protozoa evsts such as Eohistolytica (Stringer and
Kruse 1970y Naegleria grubei and Giardia lamblia (Rubin et al., 1983
Fhbler et al, 1987y demonstrated the increased inactisation at lower pll
vitlues. Voa-violet light disinfection has been suggested by Qualls et al.,
(1983 o an o attractise  alternatise  to chloriation. Very oy
concentrations of chlorine residuals are toxic to aguatic life in receiving
waters and the by-products are carcinogenic (National Research Council.
1080).  However. particulate materials ee clav aftects ultra violet
disinfection by scatterine rather than absorbing ultra-violet light rays
(Oualls et al. 1983 Onalls et al . (1983) also showed that disinfection
was sienthicantly better - oa sand - anthracite filtered effluent than in the
unfiltered secondary  effluent. Coliforms associated with particles were
also protected from uv disinfection.

262 Fhy control

Nany pathoeens (Bactena, protozoan cvsts, virnses  and helminth ova)
hnown to cause diarthoea have been recovered from flies (Gupta et ol

1972 Oy erinde. 1976). Pathogens may be dislodged when  lies preen

their wings and hrush their heads and lees. Giardia lamblia and enterie



hacteria have been shown to survive for 1 - 10 days on the integunient of
flies (Oyerinde, 1976). Control of tly involves the use of biological
measures such as the application of B. thurigiensis spores on animal
excrement. (Abel-Gawaad and El-Gayar, 1972). Recent biological measures
offer some potentional for controlling fly populations because a number of
natural predators attack epgs. larvae, pupae or adult flies. Some micro-

organtsms may act as larvicides for instance, Bacillus thuringiensis when

applied to animal excrement will act as a larvicide (Esrey et al,.1991).

Sanitary measures are primary means of fly control, however preventing
access o human excrement may be easier, but would require the provision
of more disposal facilities of greater efficacy (Esrey et al., 1985). Other
methods of fly control include the use of light traps and insecticidal

measures (Feachem. et al., 1983) and toxic baits (Esrey, et al., 1991).
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CHAPTER THREE

MATERIALS AND METHODS

3.1.1 Study area
Five(5) villages (Mando, Rigachukun, Katabu, Angwan - Dankale and
Basawa) situated around Kaduna and Zaria were selected for the study.

Mando is a village that lics at 10°05" N and 7°20" L. It has an estimated
population of 10,162 people. It is the last village enroute to Lagos from
Kaduna. Peasant farmers engage in growing such crops  as maize,
sorghum, millet, beans and sugar-cane. Katabu  lies at  10"10' N and
7'30" 15 It has an estimated population of about 16,250 people. Crops
similar w0 those in Mando village are  also grown, Mando and Katabu
villages are near  Kaduna metropolis. Rigachukun is a village near
Katabu and lies at 10"40" N and 7°30'E. 1t has an estimated population of
15210 people engaged in farming such crops as maize, millet, beans and
sorghum. Lach village has a primary health centre with some bore holes
and taps which breakdown due to lack of maintenance.

Basawa is another village near  Samaru in Zaria  which is situated at
I0"TON and 7"30'E, It has an  estimated population of 9.000 people
residing i, Pigs are reared here and crops such as maize, millet,
sorghum and sugarcane are grown here. Taps  and boreholes are also
provided. Angwan Dankale is a village near Wusasa in Zaria lics at 117

OS'N and 7°40'E. It has a population ol 8.780. Crops such as sweet
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potatoes . maize., sorghum and beans are grown here. There are a [ew taps
but the main source ol water is wcli water. These villages also have a
public health centre. Most of the people in the villages depend more on
well and surface waters as the taps may run dry for days or the boreholes
breakdown as soon as they were commissioned.

The common rural water sources in these villages during the dry and wet
scason were assessed  bacteriologically  for  faccal coliforms  and
Salmonella spp. A total of twenty five community wells with an average
of live per village were assessed over a 12 month period. A total ol 9
surface water samples were also analysed for faccal coliforms and
Salmonella in the same period of time. The study area is shown in Fig. 1.

3.2 Collection, storage and analyses of water samples

The water samples were obtained from live wells and  two surface water
sources per village over a 12 month period. A sterile 500-ml
screw-capped bottle  was lowered into the well by means ol a rope tied
round the neck to collect water. The bottles were capped immediately
alter filling and Kept in a cool box \\'i'lh ice packs until analysed. Surface
water bauizplcs were collected by introduction of the bottle  in the
direction nf'll‘lc‘ water current. Samples were analysed within two hours of

collection. Where this was not possible. the samples were stored at 4°¢ in

a retrigerator for a maximum of 6 hours,
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V3 Collection of stool samples

Ninety (90) stool samples were collected into wide - mouthed plastic ¢lean
containers, Fighteen samples were collected from cach village with an
average of three per class (F - 63 per month. These stool  samples were
aseptically transported to the Taboratory and were examined immediately.
Where it was not possible to do this, samples were preserved in 10%
formal saline,

Vb Enumeration of faecal coliforms:-

[he membrane filtration technigue as desceribed in APHA (1985) was
vsed to determine the counts of the faceal coliforms in the water samples
collected. Membrane filters were aseptically rolled onto the  surfaces of
N ndo Noar TES by means of a pair of - millipore foreeps. The petri
diches were incubated inan Ahminium sink - block portable incubator
(Nhlliporey set at 35 ¢ for 2 hours and Iater changed to 44,57 for 22 hours.
Fhis eradual change  in the incobation temperature was 1o enhance
masunum - recovery ot faccal coliforms. Colontes with metallic  sheen
transitted by light and dark purple i colour were counted and recorded.
[he mein geometric means  of the faccal coliforms were  caleulated by
using the eencral formula,

. - ll .1 :
Greometric mean n ., X N X..\n

where oo noobwell water sample per month
v faecal coliform densities per 100ml in cach well.
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3.5 Detection of Salmonella spp

The membrane filtration technique was used to filter 50mls of water. Fach
filter was aseptically rolled and dropped in an enrichment broth (selenite
broth base) with the aid of a sterile pair of forceps (millipore). The tubes
were incubated at 37% for 24 hours. One tenth of a millilitre of the broth
was dropped and spread aseptically on the surlaces of well-dried plates of
Deoxyvehocolate citrate Agar (DCA).  Nonlactose  fermenters  were
selected as preswnptive Salmonella  or Shigella species.  Using tubes of
Iriple Sugar Iron agar, Shigella spp were sereened out by their inability
to produce hydrogen sulphide. Resistant Proteus spp and the paracolon
eroup were equally  screened out by inoculating the isolates onto urea
agar slants. Evidence of urea hydrolysis (colour  change from orange to
pink or red-due to ammonia release) leads 1o the confirmation of Proteus
spp and members of the paracolon group. Salmonella isolates were then
puriiied and 'stmul on blood agar  base slants for further biochemical
i(lgntilic:llinn and scerological tests,

The stool samples were also examined lor the presence of _.S_;il_]_u_i_n_ggl_l;l- by
introducing about 1 - 2 grams of the stool in selenite broth. These were
incubated at 37% for 24 hours. Isolates were  biochemically and

serologically identified.



3.5.1 Biochemical identification of Salmonella isolates

All isolates which had typical Salmonella reactions i ISI and urease
agars were tested according to the methods of Cowan and Steel (1974)
and MclFaddin (1979). The tests pcrliu'mcd were production of indole,
methyl red (MR). voges proskacur (VP) production of hydrogen sulphide,
motility. triple’  sugar iron agar reactions, citrate utilisation, lysine
decarboxylation, growth in potassium  cyanide. gelatin iquelaction, Acid
and gas from glucose, fermentation of sugars such as lactose, mannose,
xylose and glycerol and nitrate reduction. Isolates which gave reactions
typical of Salmaonella were identilied.

3.5.2 Serological confirmation of Salmonella isolates

[solates  biochemically identified as  Salmonella were  conlirmed
serologically by the slide agglutination technique. Belore being tested,
isolates were transferred from agar slants of blood agar base through a
series(4) ol sterile tubes of brain heart infusion broth to attain growth of
maximum vigour. They were transferred o agar slants ol brain heart
infusion which were incubated at 37"¢ for 24 hours.

Salmonella antisera set A - 1 containing 16 monovalent '0', 1 Viand 1 Ha
antisera (Sifin Ltd.  Berlin) was used for the serotyping. A pooled
antiserum was made using a drop of the 18 monovalent antisera. lsolates
were tested for the reaction to  this antiserum before further testing with

mdividual single factor. In cach case, a drop ol the antiscrunm was placed
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on a microslide and using a wire loop. a pure colony of the isolate was
mixed  thoroughly with the antiserum. The slide was — observed for
agelutination. Those showing agglutination were recorded. A polyvalent
antiserum  was not included in the Kit, however, isolates  carlier
confirmed by biochemical tests which did  not show any agglutination
may contain other single factors not present in the Kit used.

3.0 Parasitological studies

3.0.1. Direct microscopy

A drop of physiological saline was used to emulsily  the formed stool.
Where the stool was Hluid, a Tittle quantity of physiological saline was
added. The shide in cach case was blotted and by rubbing the facces with
an :1;1]1lic;{lur..~alic]\'. emulsification of the facees was achieved. The slide
was covered with a cover slip and examined under the x 10 magnification
objective. Trophozoites and cysts of protozoa and  ova of intestinal

helminths were recorded. This method was used for héavy infections with

parasites, .

3.0.2 lodine preparation of stool for microscopy

A 2 percent (2%) solution of iodine xI\ilh four percent (4%) of potassium
odide per 100mls of distilled  water was prepared. A drop of this iodine
solution was used to emulsify about 1- 2 grams of the stool sample. This
was covered with a coverslip and  examined under the x40 mugnilic:liinn

objective. This  method stains intracellular granules and nuclei and
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facilitates identification of cysts of protozoa. It can be used in both light
and heavy infections.

3.6.3 Formol - Ether concentration method

This is a concentration technique for detecting light infections.  One to two
grams of faeces was emulsifted in [Oml of 10% formol saline. This was
strained through a wire sieve into a centrifuge tube. Three {(3mls) of cther was
added. shaken and centrifuged at increasing speed to a maximum of 2,000rpm
for 2 minutes. The fatty debris was removed and the supernatant poured off
leaving only a drop. The inside of the tube was cleaned with a swab and the
small deposit at the bottomn of the tube was shaken and transferred to a slide,
covered with a coverslip and examined under the x 40 magnification objective.
3.6.4 ldentification of Parasites

Ova of helminths and cysts of protozoans were identified using the criteria of

Cross and Yomaguchi (1992)

3.7, Incidence of Diarrhoca and Blalnutrition

Data relating to the incidence of Diarrhoea and Malnutrition according to the
age groups viz: < 1 year. -4 years,> 4 - 15 years and > 15 years were

collected from primary health care (PHC) centres in the study location. These

data were collected monthly over a period of 12 months for the
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purpose of comparative studies with the prevalence ol” Salmonella and
other intestinal parasitic helminths and protozoa isolated.

3.8. Statistical analysis of data

All data collected during the 12- month period were analysed 5!ulis11c;il!y
by the method of the contingency table for independence using the chi-
square (X2)distribution. Results obtained were used to explain significant
differences between the variables tested. These included the relationship

between age, sex and distribution of the intestinal parasites as well as the

dependence of the prevalence of the parasites, Salmoncella spp, diarchoca

and malnutrition cases on location and scason.



CHAPTER FOUR
RESULTS

A total ol 1.080 stool samples from primary school pupils obtained over
a 12 month  period were examined tor the  presence of Salmonella
infection. Table I shows the distribution of the infection among primary
school children in the study area in both the dry and rainy seasons. there
were only one positive case in the dry seasontRigachukun). In the rainy
season, S:llm.:_mcll;t_ spp were isolated from all five villages out of a total
of 540 samples. 43 (7.96%0) were positive. Katabu had the highest
number ol positive isolates: viz 10 (9.2%) while Rigachukun and
Basawa had 9 (8. 3 %%) each. A total of & (7.4%) Salmonella isolates
were reconvered in Mando and Angwan - Dankale.
Ihe difterence between the wet and dry season signifies that Salmonella
infection was dependent on season at p — 0.03 2 being more common in
the wet than in the dry season. The occurrence of Salmonella spp in
water and stool samples by season is shown in Table 2. A total of 71
(61 70y isolates were found in water while 44 (38.3%9) were recovered
from stool samples. On the other hand. 29 (19%0) out of the 152 dry

season water samples contained Salmonella gerotypes as against 42

(27.6%0) in the rainy season ( Appendix 3). When the isolates were
subjected to biochemical tests, typical Sty phi reactions were observed

(Appendix 3),
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Table 1 Prevalence of Salmonella infection in piimary school pupils in the dry and wel seasons

: Dry season No. % Wet season| No %
Location iy i g : " :
- No. of puipils examined (n) positive | positve (D] positive | posilive
Katabu 108 108 10 92
Rigachukun 108 i 0.82 108 9 8.3
Mando 108 108 8 74
Angwan Dankale 108 108 8 7.4
Basawa 08 - 08 9 83
Total 540 1 540 43
x? = 04510, P 0.05
Table 2 Occurence of salmonella spp in water and stool samples by secason
Dry season - Wet Season B

Lacation No. examined (n) No. positive No. examined (n, No. posilive
Waler Stool Water Stool Water Stool Waler Slool

Katabu 30 108 5 a3 106 10 10

Rigachukun 31 108 8 1 32 108 9 9

Mando 31 108 6 az 108 9 8

Angwan Dankale . 30 108 4 32 108 10 8

Basawa 30 108 6 30 108 5 S

Total 152 540 29 o 159 540 42 43

x? 0.6883; P = 0.05
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Inall. 34 out of the 115 isolates obtained were biochemically identificd
as S.typhi. The other 81 isolates were merely identilied as Salmonclla
spp. Most of them did not produce hydrogen sulphide on TSIA. More
Salmonella were isolated from water than in stool samples.

Ihe 115 isolates were scrologically typed with an array of 16 *0°
monovalent antisera and one cach of 'V and 11, antisera (sce Table 3).
Out of the 1 i‘x isolates characterised biochemically, 40 (34.7.%) showed
aggelutination with the single factor antisera while 60 did not react with
any ol the 18 monovalent antisera.  They may however contain other
antigens that did not have corresponding antisera in the kit used. 15
isolates were also lost in storage while awaiting the arrival of the kit
from West Germany between October., 1994 and June, 1995, Of the 40
Salmonella isolates showing positive ;tgglulinmiun. 14 (9.35%) were
identified as S, typhidy; . 9. 12). 8(20%) were classitied on serogroup
B and identified as Salmonella enteritidis: 5 (12.5.%) i scrogroup ¢;.
3 (10%) in scrogroup C,. Others included 5 isolates  in scrogroup
D in addition to the 14 S, typhi isolates, also classified in this group.
There were 5(12.5%) in serogroup 15 This shows S, typhi as the
predominant scrotype isolated. It was also observed that 26 out of the 40
Salmonella isolates serotyped were from water while 14 were [rom stool

samples Out of the 14 S, typhi isolates scrotyped, 9 were recovered
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S/INO

Source

ard No
1 AD3
2 M2
3 4
a ADyp
5 A5 ¢
6 Keaq
5 4l M)SG
8 M?O
9. M74
10. Ks?
1" Krg
12 Bop
13 B4n
14, Mgo
15 Mg4
16 Abgs
17 Ban
18. fag
19 Mgy
20 Meg
21 ag
s KF’;D
23 Kgq
o4 M‘.l?
25 M4
76 Ky
27 Bin
°8 By
7?9 Mig
30 | Ry
N | Bay
37 1 14
a3 M 50
a4 Bnq
35 | ADg
a6 f\l):n
a7, | By
an H??
39 | ADgg
40 1‘.15

41100 Olhpers

TABLE 3: SEROTYPING OF SALMONELLA ISOLATES

MONOV ALENT ANTISERASET A -1

0p| 0|05 |65257 | 07030300 | 07204 01500 20027024 CLAHY | Antigenic Sero Inference
i formula qroup
T {Iv. 9. 12) D 1 S. typhi
ol ! (04, 05, 12:) B S. Mando
I . {[V:. 9,12) 0y S. typhi
s ' [05,0?: 9 Cy S. angwan-dankala
‘ ' (vi, 9, 12} Dy S lzphl
i i (vi, 9, 12} [31 S. typhi
L ' (Vi, 9, 12) DI S. typhi
' ' (086, 07 =) Cy S. mando
' b (06,7 :) ot} S. mando
ol ' (04,05012-)| B . katabu
' s (vi, 9,12) Dy S. typhi
' o ' (10,51, 19,34)| E S. basawa
' + (vi, 9, 12) D| S. typhi
' ' . (10, 15, 19, 34) E S. mando
' ' ' (10, 15,19, 34)] E S. mando
vl ' (04,05, 0123 B S. angwa- dankela
. ! (Vi, 9, 12) Dy S, typhi
4 ’ (9, 46) Do S. basawa
: ' (9, 46) Do S. mando
' : (9, 46) Do S. mando
‘ (20} Cp 7 | S.rigachukun
' ' (9, 46) Do S. katabu
K ' (04,05, 12:)| B S katabu
' {20) Co? S. mando
; : ((Vi, 4,9, 12) Dy S. typhi
K {04, 05, 12 =) B S. katabu
i ' (08, 07 :) Cy S. basawa
' ) (\Vi, 9, 12) Dy S. typhi
' (06,07 :) Cq S mando
(Vi, 8, 12) Dy S typhi
¢ < (Vi, 9, 12) Dy S. typhi
: Lo : {10,15,19.34)| E S. rigachukun
: (i, 9, 12) Dy §._lv_p_!1i_
o alis ; (04,05,12)| B S. basawa
: (04,0512} B | S angwa dankalo
' +] (9, 46) Do Ei angwa dankale
. (Vi, 9,12) Dy S. typhi’
i ! ' (10, 15,13, 34)| E S. basawa
. i (04, 05, 012 : B S. angwa dankale
{20) C27? | S rigachikun
Other faclars| F -7 S_almoneﬂa spp
present
Foot note: (A} No 1 26 werae isolated from water
No 27 40 were isplated from stool

{8)

No. 41

Isplate codes

Fat
s

we

100 were isolated lrom both water & stool

re, B Basawa
M Mando
n RHigachukun
AD Angwan dankalo

K Katabu
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trom water while 3 were obtained from <tool samples. Tour isolates
cach in serogroup B were obtained from wwater and stool,

[hree ont of five isolates in seroeroup O were recovered from water
while two isolates in serogroup C, were recovered from water. Three
i~olates in seroeroup Dsoand two in o serogroup Iowere isolated from
water £ see table 3 These show that the serotypes of Salmonella were
more abundant in swater but may

find their way to human hosts when such contaminated  water is
consumed.  Cross-agelutination reactions mas occur where seroty pe
share similar “07 factors,

Faecal coliforms

Faccal coliforms were recovered from the surface waters examined in
the locations studied.  Most surface water sources however dried up
during the dry season hence no water samples from these sources were
collected during that period (Table 4). The dams in Mando (M,) and
Rigachukun (D;) were available all vear round for analysis. Results
showed that both dams had FC counts of between 1.0 - 2.0 x 10 faccal
coliforms 100ml- The density of the faecal coliforms rose at the
heeinning of the rainy season (Mayv) reaching a peak in August and
declining eradually to lower densities in October. None of the surface
waters met the WHO drinking water standard (see Table 4). Figure 2

-

shows the results obtained when coliforms were isolated from 25 rural
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Table 4:

Faccal coliform count per 100ml of surface walers

in live vilages around Kaduna and Zaria

Location Type and No. Dry season x 10’ Wat seasar x 10
of surface waler
Nov. |Dec [Jan. {Fab. {Mar. { Apr. [ May.| Jun. | Jul. { Aug.| Sep.| Oct.
Katabu Pond 1 * * * | o 52| 55| 68|80 | 72| 4.0
Pond 2 Pond 2 40 ) 461 54170 | 65| 3.2
Pond 3 % * 42| 481 521 76.7] 50| 40
Rigachukun Dam {1) 1.0 13111 |15 |1B|20]|60 | 51| 62|75 57| 20
' Pand (1) * * * * * 461 b3| 60|68 | 43| 15
Mando Pond (1} A e | o * * 32| 40 46(55 | 4B 23
Dam (1) 11 1513 (172018136 43| 481521 42( 20
Angwan Pond (1} * * " * * # 145 47| 63172 | 35 15
dankale
Pond {1} " i * % * * 150G | 53] 57178 42| 24
i {
Basawa - ! A BV LA AP R R U B A
Foot Note:

1] * No surface water available for Analysis in the dry ceason
2y * Naosurfage waler avallable in bolh seasons.
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labla 5

NOV.

Incidencegof Diarrhoea and Malnutrition cases in the Primary Health Care (PHC)
Centres of the study location

_ VI|_1._{'\(‘:P DEC. | JAN. | FEB. | MAR| AVR M;W JUN. | JUL. | AUG. | SEP.| OCT.
1 Katabu b m|o M|D M|p M[p m[o Mo m|D M|D M|D D M|[D M
1) 3 1wl8 4|7 2|10s5|6 2|4 1|5 2|105]8 3 5 2|16 2
i) 6 3|3 3 1|8 4|5 2|2 2 1|3 115 2|5 1|3 1|41
i) a 2 2 3 3 1 1 2 -
iv) 2
Tatal Monthly 22 13|13 4 |12 3 |23 9 |14 4 |7 1 8 3 (@36 |155]12 4|8 3 10 3
2) Rigachukun
i 50 5 |48 10|44 8 |29 5 (254 308 |48 7 |605 |728 |406 |25 4 | 18 6
i 20 28 222 |5 02 |255 |655 (602 |20- |14 2|12 2
ni) 1 18 12 10 5 15 40 - {301 |8 - |10 - 8 2
iv) 21 5 10 10 12 14 13
Toral Monthly 015 99 10 |R8B IN|44 5 |25 4 |45 8 |a8 12 [1B710| 17611 |93 6 49 6 38 10
3y Mando
] 14 2112 1 m2i8 3|6 2|4 1 g 2 |02]4 2|16 2]|101 8 2
1) 10 B8 7 1 5 2 14 1 |4 g8 3 LE 3l8 A 10 1 8 1 6 1
1) 1
v}
Total Monihly B 2]201 1177 3 |13 5|0 3 (8 1 145 |17 51233 (263 |18 2 14 3
4y Angwan dankale
1) 0w &s5l7 3ale 2|8 4l 3|15 2 |1as5 |wwpepl122|85|144]|8 2
1 5 3|4 3 5 213 {1 [0 312 3 2|8 1|6 3} 3§S 3
) 2 1 4 3 s 8 8 ] 6 6
)
Tota! Monthly wal? alm2|w 6|14 4|23 |248 |2141}243 (368 (217|135
5) Basawa
1) % 3|12 2|%w 5|12 4|14 2|205 |14 3 ([225]|14 1 12 1 13 56 B 2
i) 7 218 1 0 317 1|02 (]% 4 {11 w2 |10 1 10 211 1 2
i) s 2 1 A B 6 1 5 9 8 6 1
W) 4 6 3 5 8
[otal Monthly 256|203 |289 |255 (324 |42 10|34 4 |51 7 |362 |363 386 | 395
Foo! rjo{(a__-; = 1,\:_ flf,i';?m_'.. - B2 Bl —

i)y 1 4 years

iy 4

vy > 15 years

15 years

D - Diarrhoea Cases

M - Malnutrition cases

4
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Fig. 2 Mean Level of Faecal Coliforms/100ml in Community Well waters from five Villages
in Kaduna and Zaria Cities in Nigeria
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wells in Kaduna State. Peak levels of faccal coliform were obscrved in
the month of May. The number gradually fell from then.  Results
showed that wells in Basawa had higher faccal coliform densities while
those in Mando had the least. The detailed results of faccal coliforms
can be found in Appendix 2. Two wells (one each in Katabu and Mando)
had FC densities of between 0 and 10/100mls. These wells had casings
and covers.  Nevertheless, the water in them did not meet the WIHO
drinking water quality standard. Generally, the ranges of faccal coliform
counts in the wells were as follows: Katabu (O - 2.3 x 10°); Rigachukun
(1.0 - 1.8 x 10"): Mando,(O 7.5 x 10"): Angwan-dankale (2.0 x 10" 1.62
x 10 “‘) and Basawa (2.0-3.4 x 107)

Intestinal Parasitic helminths and protozoa

Parasitological examination of the stool samples led to the detection ol a
variety ol intestinal helminths and protozoa (see Appendix 6). Out of a
total of 1,080 stool samples examined. over a 12 month period, 621 or
57.5% were positive for ova or cysts ol parasites. A breakdown of this

figure showed that 226 (20.92%) had cggs ol Ascaris lumbricoides, 143

(13.24%) had hook worm cggs. 92 (8.51%) had L. _histolytica and 43

-

(3.984:) had G. lamblia. In addition to these. 31 (2.8%) had S, mansoni;

[4 (1.29%) had S, bovis and 16(1.48%) had Emtamocba coli. The

prevalence exhibited by some of the parasites were very low.  Also

detected were Taenia,  Irichuris,  Enterobius and Balantidium coli
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which had only one case (0.92%0) cach. Poly parasitism was observed in
some cases.  The combination of A._lumbricoides and hookworm was
the commonest in all the locations (see Appendix 7). Results showed
that intestinal helminths were more abundant with A, lumbricoides as
the commonest.  The incidence of an infection refers to the appearance
ol organisms in a community while the prevalence of the infection refers
to the percentage of reported parasites at a given period ol time in a
community.  Figure 3 illustrates the monthly prevalence ol A,
lumbricoides and hookworm in primary school pupils in three villages
around  Kaduna. In Katabu. the iitial prevalence of Alumbricoides was
22.25% in November. but it dropped to 16.5% in December and later
rose to a peak in the months of April and Mav. (33.3%) Hookworm
infestation was less pronounced than that of A. lumbricoides.  Results
showed that the prevalence in Mando rose steadily from - 076 in
November to 27.7% in February,  In Rigachukun. however, infestation
with hookworm was more common in April. Tig. 4 is a graphical
Hustration of the monthly prevalence of A. lumbricoides and Hook-
worm in two villages around Zaria. A lumbricoides was more commaon
than hookworm in both villages as was carlier observed with the three
villages around Kaduna.  Infestation by A. lumbricoides was more
common in April in both villages while that of hookworm was in

February (Basawa) and April (Angwan - Dankale).

49



NOWV

DEC

Fig 3

a4 w2uDo

JAN FEB MAR APR MAY JUN JuL ALIG SEP ocT
FATARY
Months

Monthly Prevalence of Ascaris lumbricoides and Hookworm in_Primary School Pupils
in Three Villages Around Kaduna City In Nigeria



HOV

DEC

AN

Fig 4

FEB MAR APR MAY JUN JUL AUG SEP ocT

B AUGNAD2KALE

- s tae ——

Months

Monthly Prevalence of Ascaris lumbricoides and Hookworm in Primary School Pupils
in Two Villages Around Zaria Citiy in Nigeria

51



Fhe relattonship between sex and the prevalence of AL lumbricoides was
also studied. In Figo 509t is revealed that males were more prone o
mfection than the females The relation<hip betwween age and prevalence
of A lumbricoides i< shown graphically in Tie 6 Fhe 5 -9 vemr ape
CLONP ACTC IMDIC pPronge te immfestatim than the 11 - |3 Vs age group.
Fhe results depicted in Fieo 7 <how that males swere more prone to
hookworm infestation than females The relationship between age and
the prevalence of hookworm in pupils in the stnds areas showed that th
10 =15 vem age group were more prone to infestation than the § - 9 years
(i Ry Investieation of the types of ]\:U:Hiiit intestinal protozoa was
studied. In fig 90 the relationship between the prevalence ol L,
histoly tica and sex ot the pupils is shown. T emales appeared to be more
prone tonfection than males A studs of the relationship between age
and the prevalence of o Histolstica revealed that the 5 - 9 year age
croup were more prone to infection that the 10 - 15 vear age group see
fie 100 Comparison of the prevalence of I Histolstica and - G, lamblia
iv shown m fieure 11 The former was more prevalent than the latter.

I he anfections were more common in the dry season than the rainy

SUUN00.
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The incidences of Diarrhoca and Malnutrition cases in the villages
studied are shown in Table 5. Data on patients visiting the primary
health care centres were recorded according to age group. The 0 - 4 year
eroup were more prone to diarrhoea and malnutrition. A total ol 157
diarrhoea cases and 58 malnutrition cases were recorded in Katabu, Out
of the 157 diarrhoea cases, 91(57.9%) were recorded in the dry scason
while 66(42.1%) were recorded in the wet scason. There were however
more malnutrition cases in the dry scason (34 out of 58) than in the wet
scason (24_1:11{ of 58). Analysis of these data show that more diarrhoea
and malnutrition cases were observed in the dry scason in Katabu and
these were statistically significant at p=0.05. Sce Table 5, On the other
hand in Rigachukun. more people were observed attending the PHC
climes than in other villages. Out ol a total of 1,023 diarrhoea cases,
021(60.7%) were recorded in the dry scason and 402(39.2%) in the wet
scason.  This shows that more people had diarrhoea in the wet season
that in the dry season, with the highest number (176) being recorded in
July. Of' the malnourished. 42 (43.3%) were reported in the wet season.
FFewer cases of diarthoea were recorded in Mando than the other four
villages. Of the 195 diarrhoea cases observed, 83 (42.6.1) were recoirded
in the dry scason while 112 (57.4%) were in the wet scason. This shows

i higher prevalence of diarthoea in the wet scason.  Out of the 36
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malnourished cases, 15 (41.6%) were recorded on the dry scason while
21(58.4%) were noted in the wet season. Statistical analysis shows that
diarrhoea and malnutrition cases were dependent on location and season
in Rigachukwu and Mando . A total of 256 diarrhoca cases with
149(58.2%) in the wet season and 107(41.8%) in the dry scason were
rcclurdul in Angwan - dankale. Of the 63 malnourished reporting to this
clinic. 28 (44.4%) were recorded in the dry season and 35 (55.6%)
obscrved in the wet Scason.  In Basawa, a total of 402 diarrhoca cascs
with 234 (57.6%) in the wet HL‘:!f;tlll and [72 (42.4%) i the dry scason
were noted. A total of 54 malnourished cases were recorded. Of this, 27
(42.2%) were observed in the wet :;c:mm and 37.6(57.8%) in the dry
scason. Analysis of the data present shows that there is a signilicant

ditference in the diarrhoea cases than the malnutrition cases at p = 0.05.
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DISCUSSION,

The sanitary quality of water is based on the quantities of  indicator
bacteria it contains: The bacteriological quality  of drinking water must
meet the WHO standard of less than 2.2 faccal coliforms per 100mi for
the water to be acceptable for drinking.

The Bacteriological tests performed showed that there are  lapses in the
bacteriological qualities of the wells and  surface water sources studied.
Faccal coliforms are usually  associated with polluted waters, Results in
this study showed that the densitics of faccal coliforms observed in all the
locations except in a few wells were above the recommended  level. This
is not suprising since inadequate sanitation measures are not taken in the
community. Children and even adults are know 1o defaecate in the bush
and on the open soil surfaces. The facces are then washed into the nearest
body of body of drinking water. This explains rise in diarrhoca cases
especially in communitics with water scarcity. Some of the community
wells are at the same level with the  ground. uncemented with cracks and
crevices harbouring frogs and other reptiles which are possible sources of
Salmonella,  These occasionally crawl to the surfaces and get faccally
contaminated and the crawl back to the well. This scenario  has been
observed and reported earlier for wells in Port Harcourt (Ogan, 1988) and
in Zaria ((')Llln!!il ctal, 1990). Some ol the wells in the study were not

covered and o general  bucket used by all was Tound by a number of the
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wells. In most cases, buckets were observed to be kept carclessly on
muddy surfaces round the wells. It could also serve to  introduce laccal
materials in the environment into the well.

The surface waters (ponds and  streams) examined  were :‘ilm
contaminated with high levels of faccal coliforms in all the locations,
Farlier work l;)‘ Okoro (1986); Ogan (1988): Peters e al., (1989) and
Okuofu et al., (1990) show that faccal coliforms do regularly contaminate
water sources, In addition, run - ofl water L;:.u'r_\-'ing debris and faccal
matter  olten drain into such bodies of water. Animals grazing and
drinking water from the surface \;":IIL'I'S do contaminate the water with
their facces. It has been shown by Okuofu (1989) that when taps i Zaria
ran dry, the cases ol intestinal discu:;c:;' arising from drinking poor quality
well water rose at the A.B.U. Teaching Hospital, Zaria.

In the present study, the number of diarrhoea cases observed  in the
records at the Primary Health Centres also inereased  in times of water
scarcity. There is an increasing demand for pu_luh]c walter i Nigeria and
the inadequacy of the supply especially in semi-arid arcas like Zaria and
Kaduna makes it imperative that any available source is carcfully
protected and monitored. Infection with Salmonella spp was found to be
higher in the wet season than the dry season, Drinking water sources may
be contaminated with the organism from facces  entering the bodies of

water. The presence ol Salmenella spp may be due to rainbow lizards in
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the wells. They are known to excrete Salmonelfa spp with fittle or no L,
coli (Schubert and Scheiber, [979). [t has been shown by Ogan (1989)
that many unprotected wells get contaminated during the rainy scason by
"washback" and spilled water draining from the platforms. The surface
waters may be contaminated through the faeces of livestock wading
through the ponds or stream. The results have revealed that the same
serotypes of Salmonella spp present in the stool were also found in the
water. This directly links some of the stool samples to the water and  vice
versa, Salmonella typhi was the commonest to all the locations studied
being predominant in the water samples. It is known to be host specilic
for man. It causes malaise, diarrthoea, prolonged fever and extra-intestinal
infection can  lead to gall bladder invasion from were they are released
occasionally to the blood stream. This explains why the organism can
remain in the body for a long time Ieading to a  carrier state. Death is
usually duc to the rupture of the intestines. It is pertinent to note that
sewage waters draining into water channels pose a high risk as vehicle of
transmission of Salmonella organisms. The other serotype identified was

S. enteritidis

. This is known to be involved in human gastroenteritis. OF

major concern is the fact that members can infect both man and animals
depending on the host,  they suddenly find themselves. Though the

antibiotic  resistance  pattern was not included in this study. it is

imperative that the increasing number of cases of typhoid  fever may be
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due to decreased resistance of the hosts immune response to the bacterium
or acquisition of resistance factors through the use of plasmids.
Classification  of Salmonelfa has been quite confusing with the main
organisms not following the usual rules of nomenclature. The confusion is
not helped by the fact that members are closely related biochemically and
morphotogically. No general agreement exists are regards taxonomy of
Salmonella and most workers prefer to regard serotypes as sub-specific
emtittes.  Salmonella spp have several antigens but the ones of importance
in classification are the flagella (1) antigen. the somatic (O) antigen and the
capsular (V) antigen. Cross - aggtutination may occur among scrotypes
within a particular group sharing the same single factors. Cross -
agglutination may occur between species in serogroup B (04,05,12:-) and
the following serotypes: S. paratyphi B (1,4.5,12.) §. derby (1.4,5,12:1:g)
and S. java) (1,4,5,12.b).

The isolate in serogroup C1 (6,7:-) can cross react with the following:

S. pombe. S. cholera - suis. S. typhi - suis and S, ohio . Members of the

serogroup C2 tdentified may also have cross-agglutination reactions with S,

labadi. S. paris, S._istanbul and S.pakistan. Those sharing similar single

factors in serogroup D include S. calabar, §. maiduguri, S. liverpool .

Those that did not react with the antisera used may have other antigens

which may classify them further imo serogroup F - Z.
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Salmonelta infection has been shown to aggravate the  condition of
patients with schistosomiasis. Only two cases of  the lalter with
simultancous .presence of the former were encouniercd in (wo. male
¢hildren in Mando and Rigachukun. Though they were not physically ill
at the time of collection of stool samples, the nutritional state as well as
tilc bnmunofogical response may be factors that may precipitate  this
“condition. 1t has been shown by Higashi ¢t al (19?5) that Salmonella
infection might enhance  the ftil‘l]lil!i(i[l and  deposition of ininune
complexes it the Kidneys of patients  with schistosomiasis. There appears
to be some new serotypes  which cannot be classified according 1o the
|
Kauffiman - White scheme. These include those with factor 20 only. This
agrees  with the work of Spller (l‘)()?) that new serolypes are in the
environment. Carlier I.\-vork by Cherry et al (1972} showed the isolation of
scrotypes 1w the divclrsc serogroups some of which share common factors

with the scrotypes in this study:  S. typhi and S, enteritidis have been

reported i this study  and adso agrees with the works;iil' ["air and Morrison
(1967). Results in this study show that 80% of the water samples with
elevated faccal coliibrm‘s show evidence ol the presence of Salmoneliy.
The prevalence of Salmonella in water during the wet season may be due
to increased pollution of surface and well water. It has been shown by

Cherry ct_af (1972) that  Salmonclla and other enteric bacteria can

mufliply in both polluted and unpolluted walters at temperatures as low as
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10¢.  This fact may explain the ease with which a large number of
seroty pes were recovered from water samples.

This calls for comprehensive epidemiological studies relating  discase
exposure 1o polluted water. Simple means for detecting these organisms
and their significance as pathogens may make them superior to coliforms
as indexes of water  guality from the view point of public health.
Salmonella infection acquired by travellers especially tanker drivers that
stopover in Katabu enroute to Jos and the far north as well as those that
rest in Mando enroute to Lagos and the sourthen part of Nigeria may help
to disseminate this infection on getting to their destinations. Inadequate
treatment of typhoid fever in this group where the infection precipitate to
an illness may also encourage the carrier  state. The organism can then
find their way to water if the faeces passed are not disposed off properly.
Nost of the time enroute to their destinations, many travellers and tanker
drivers defecate in the bush. This can be washed off to the nearest body
of water where the organism remains until  another person drinks the
untreated surface water. This  vicious evele encourages the spread ol

Salmonella serotypes across the country.
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Intestinal Parasitic helminths and protozoa

Lhe provalence of the parasites in the <ool sample showed  that A,
hbricoides was the commonest while Faenia Spp. Tricharis spp were
the leastm ocomrence. This aorees with the carhier works of Azubike and
I nelwechi (199 and  Anderson et al. (1993). The impact  of
ey itonment on the levets of parsitic infection has been recognised. e
prosent stids shows that pupils in the poblic schools have  dirts
crvnonment and lack enoneh chanrs 1o cven sit o Ny were also seen
detacctne d neinatine near the Schoot Componnd despite the provision
of Lirmes This agrees with  the carbier work of Stephenson (1985) that
hioher vates of re-intection with A lumbricoides swwere observed in houses
vith dints loors Y ohanna et al c198m also showed that pupils in public
ool were more exposed to intestinal helminth infections than those in
private scheolss This may be the cose here where pupils are continuously
i aditty environment at school,

Fhe prevalence of some of the parasites were shown to increase with the
v Hlookworm  and - Schistosomm while 1t decreased with A,
lmbricoides In contrast. Sco et al (1977) showed that the prevalence of
ascariaisis increased  with the rains. Hookworm infestation however is
mainly acguired by penctration of the skin by infective larvae. Wearing ol
shoos s o necessity e a country such as Nigenia sinee there s an

overehelmine  evidence that sk of infection by hookworm  and
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Strongyloides spp is greatest in persons that walk about bare-footed. 1t has been
shown that severe anaemia may occur in a vast majority of those intected. |t s
also always difficult to know what significance to attach to the finding of
hookworm  Ova in stools since the people appear to be m good heaith
(Nnochiri, 1965).

Though counts of hookworm Ova were not determined, most stools (96%) were
positive by direct microscopy which at least is a measure of heavy intection. ‘The
relationship between the worm load and the production of anacmia is known to
depend on the patient’s dietary tron intake. When patients have a hacmogiobin
content of 6g or less 100ml and the faeces comtained more than 200 X 10
hookworm Ova gram, then there is evidence of hookworm anaemia.

(Nnochrir, 1965).

Monoparasitism appears to be more prevalent than polyparasitism. It was

ohserved that Ascaris_Jumbricoides and Hookworm accounted for the major
pairwise combination of polyparasitism. This is in contrast to the work of
Anderson et al. (1992) who showed that_Ascaris and Trichuris pairwise
combination was the major form of polyparasitism. The prevalence of these two
lielminths in the rural areas include factors such as ignorance about environmental
hygiene and health matters on one hand and social practices inspired by tradition.
These are overcrowding, poor housing, street - hawking of food under unsanitary

conditions. Multiple parasite infection have also been reported by Adesiyun

69



et al (1987) of which Ascaris and hookworm combination was observed. Other

parasite intestinal helminths of sporadic occurrences were Taenia, Strongyloides,
Irichuris. Enterobius. The low incidences may be due to minimal exposure to
infective material of the helminths,

However. infestations with schistosome was observed to be higher in the wet
season than the dry season. This may be due to the fact that there were ponds
available for the intermediate hosts to breed.  Male children were particularly
seen to be swimming in these ponds and streams as the various times of sampling.
Statistical analysis of the relationship of sex and the prevalence of schistosomiasis
shows that they were independent entities, however. the prevalence rates shows
that males were more atfected. This may be due to the fact that males in general
have greater freedom of movement than females. Earlier work by Abubakar et
al (1990) showed that males were also more prone. Infestation was more
prevalent in the 10-15 year group than the 5-9 year group because they are freer
to swim than the latter.

Schistosomiasis is more severe in children and young adults in whom anorexia,
wasting. anaemia, hepatomegaly. irregular fever splenomegaly and ascites are
common  findings. Numerous complications  can  result  from  intestinal
schistosomiasis.  These include ectopie deposition of Ova in various organs.
Terminal Spined eggs suspected to the Ova of "S. bovis” or "S. matthaei” were

found in the stool specimens.  These might be Zoonotic infections from
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cattle tooman Farlier work by Tasvlor (19701 showed that S, matthej cgps
seen in human facees may be of parthenoeenetic origin or hybrids of S,
miatther and S haematobiom. Ova of S haematobium are hardly found in
<tool  Femay be poasihle that those infected has e contact with eattle dung.
Ihisv has been proved in S0 Africa where Ova of S, bovis and S, matthei
are implicated in human intections in cattle-raising populations.  This may
he the cose here as the studs Tocation covered the cattle-raising arcas in
Nivenia lodine preparation of Stoll smears eave a better background tor
identification ot the Ova of intestinal helminths than direct saline
NCTOsCepy

Intestinal Parasitic Protozoa

oo incinded Fatamoecha histolstica, G Jambling Ent,_coli and
Balntidinm colio Trophozoites of these intestinal - protozoa were
sporadivally found nsinge the direet <aline microscopy . Most of the
coolation were due to formoelether concentration and odine preparations.
[T sueecsts that the infections were lieht There was no consistent
pattern of infection in both sexes and aee eroups used. Infections by |,
histoly tic and G Tsmblin were more prevalent in the dry season, ©his
mav be due o their abilite o remain in the encvsted form. More people
are Lnovn to depend on pollated well wanter durine the dey season. 1 hese
cveteoare alo Known teopersist in clean water - for weeks or months, It

appears from the daty presented here that females were more prone 1o
r
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infection with F._histolvtica. Farlier studies by Chacin - Bonialla et al.,
(1902 showed that females were more prone to infection than  males.
NMost Griardia infections are assmptomatic. Some factors in the host can
however comvert the asymptomatic state to - ssmptomatic state.  These
mclude reduced  gastric acidits. blood  eroup and  competition  for
nutricnts. Caardia infection has also been shown to be symptomatic in
patients with achlothudria after eastrice resection (Mever and Radulescu,
1070

Foohistolsticn and Golamblin are excreted protozoal pathogens  of major
public health importance. in commumities of low  standards of sanitary
practice. the prevalence rate can reach up to 3076, Results showed that the
overall prevalence rates of 1 istolynea and Goliimbia were 8.5% and
LO%arespectively

[hese infections are relativels  low compared o that  reported by
Abdullahi ¢t al (1995) in which a presalence rate of 4375 was  recorded.
[ this study most of the pupils (2070 with positive cases did not show
ssmptoms of Giardiasis, Protein - calorie malnutrition in association with
Amochinsis/Giardiasis s known to result in malabsorption and growth
retardation. There mas be other intestinal changes along with  depression
of itestinal disaccharidases. Most of the school  children attending the
school in the study Jocation were of the lower socio-cconomic status, This

acrees with the work of Y ohanna ¢t al ¢ 1990,
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DIARRHOEA AND MAINUIRITION CASES

[he meidence of diarthoea and malnutrition cases were hicher  in the
ramy senson than inthe dry season in four vitlages except in Katabu. This
shows that more water sources are contaminated with facces. The picture
presented in Katabu may - be due to increased usage of open wells as most
ponds dricd up in the dry season. The well water may deplete rapidly
with more usaee. I presionsty contaminated sith bacteria: pathogens and
ceos of helminths and protozoal parasites, then more people are likely to
enpentence dimrhoeias The  altemative source ot water which s piped
woater supplv s not reeular ond o such people depend on the well wier.
at not great adistance from their compounds

Iarrheen tends o attect the children of less that 1 sear and the -3 vem
age vroup more than the other age eroups (4 - 15 srs and -1331s). Lhis
man be due to Jack of immunity - and tolerance and to the incomplete
development of their  natural bodily  defense mechanism or to the
coenistence in the  child of other disease processes or nutritional
deficiency weakening their resistance to diseases.

[here s some evidence that nutritional status does influence  the duration
and severity of diarthoeal attacks (Black et al,,  1982). Diarthoea 1s
multitactorial in origin, henee drinking  water constitutes only one of the
many sources of pathogen transmission when exposure is high. (Fsrey e

al. TO83 I srey and Habicht, 1986),
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A hurther complication is that a single long period of - diarrthoea may be
due to several sequential infections with one or more pathogens. Children
used tor this study were of the 5 - 15 vear group. Comparative study of
the dinrrhoca cases with the incidence of Salmonella and the intestinal,
protozoa showed that this ace group (5 - I3)vears were more  exposed
than the adults reporting diarrhoea in the primary health centres. The
primary justification for the decade is to improve the health of people.
copectally children who o sutfer because of inadequate and contaminated
water supphies  and poor <samitation (Kowal and Pahren, 1982). A
reduction i diarthoea may be associated with improved water conditions.
I he baseline data collected to assess the bacteriological  guality of water
otrees may be nsed as o basis for establishing the possibility of outbreak
of water related diseases with the continued use of such polluted water.
Health cducation and sanitation measies appear to - consistently play
more important roles in determining children’s health in dey eloping meas.
he provasion of  sanitation facilities produces lareer health impacts and
henee should be emphasised. The vse ot ventilated improsve pit - Tatrin
mas reduce the risk of exposure to water - reliated  diseases.

Water and sanitation interventions can markedly improve the  health of
children and tatloring the intervention to the  particular setting maximizes

health benelits
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CONCLUSION,
1. Taecal coliform densities were low in well and surface waters but
increased with the onset of the rains showing possible presence of
intestinal pathogens, The level of faecal coliforms were above the WHO
drinking water standard.
2. Salmonella isolated from both water and stool samples were named
according 1o location. S taphi was the predominant serotype isolated.
NMore serotypes of Salmonella were isolated from water.
3. Intestinal parasitic helminths and protozoa were recovered in more
than hall of the stool samples with  Ascaris _[umbricoides as the
commonest.
4. Dimrhoea and Malnutrition cases were more prevalent in the
community during the wet season than the dry season. These were more

prevalent in the age group 0 -4 vrs than the 5 - vrs and the adults.



RECONDMENDATIONS,

[here s aneed o address the undesirable sitnation in which people drink
lilthy water. This can be achieved by providing an alternative potable
water supply to the  communities. The desiens of the wells should b
spectficd and - be made to meet sanitary requirements. There is also the
need 1o educate the people on the daneers of drinking apparently  clean
but polluted water. They should be tmeht simple means of improving the
quahty of water. People should be taneht of  the dangers of defaceating in
the environment as sater-borne  diseases are increased when these faeees
e washed to the nearest body of water

Fhe economic implications of havine increased mmmber of cases ol
Bphoid fever and gastroenteritis are obvious. Typhoid — fever, it not
properis manaced can lead to death In less severe cases, the person
looses o lot of man hours in whatever occupation he is engaged i,

hecause of the weakness ot the body .,
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Appendi | Survial times of excerted pathogens

in resh water and sewage at 20 - 309€
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Appendix 4 Monthly Salmonella detect ion in slool samples of Primary School Pupils

in five Villages around Kacuna and Zatia.
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Appendiv § Biochemica! Characterisation of Salmonella isolates
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Appendix 7 Type and Number of Polyparasitism observed in Primary School Pupils

in five Vitages around Kaduna and Zaria.

1 Ascaristiookworm. a5 479 AFE
2 Ascaris + H. nana 12 %4 A B C.
3 Asvaris ' D.Latum 5 68 B.C,DF
4 Hookwortm « D latum 2 27 cC
5 Ascaristlrichuris ! 136 C
6 laeni 45 stercoras 1 138 (o1
7 Hookworm o H nang 1 13G [}
g .AscarieifHrvhuord 1 138 1

S “'rl'-!!]‘n
89 Ascans « S mansons 1 118 =
0 Mook worm & bl e g 68 AD
1 8 mansom « Hook g nrm 8 128 (B}
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