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Abstract. Bacteriological analysis of waler thal accumulales al the bollom of freezers in reslaurants’
when tha power was cut in Calabar, southeastern Nigeria, was carried oul using standard proce-
cdures. Maan heterolrophic baclorial counls and Eschaorichia coli counts ranged from 3.1 4 0.02 lo
7.1 4 0.30 x 10" cfu/ml and 0.2 + 0.10 to 0.6 t 0.50 x 10* clu/ml, respectively, indicaling heavy
baclerial contamination .whose source was moslly faecal, There was no significant differcnce (p >
0.05, 0.01) in bacterial counts batween freezors. Some biochemically idontified enteric baclerial
palhogons wore Salmonella typhi, Shigolla sp, enteropalhogenic E. coli, Yersinia sp, Klebsiclla
pneumoniae, Vibrio cholerae 01 and Vibrio parahaemolyticus. This reveals thal the hygienic qualily
of the food items slored in the freezers and the hygienic slatus of the restaurants are in doubt.
Infection could be going on unnoticed and thus endemicity maintained in the area. The pathogens
showed alarming antibiotic resistance. The water in lhe freezers was a "soup” in which dilferent
species of lhe entefic pathogens were close to each other and could transfer drug resistance among

themselves. Public heallth education of reslaurant operalors in southeaslern Nigeria is recommended.

INTRODUCTION

Enteric bacterial pathogens are facultatively
anaerobic gram-negative bacilli, whose natural
habilats or reservoirs are the intestinal tracts of
humans or animals. They include bacteria in the
families Enterobacteriaceae, Vibrionaceae and
Pasteurcllaceae (Prescoll el al, 2005). The main
pathogens of interest are Enhterobacleriaceae
and Vibrionaceae, which are {egether unofficially
known as enleric bacilli or enteric baclerial
pathogens (Davies et al, 1980). Representalive
pathogens in Enlerobacleriaceae are entror
pathogenic Escherichia coli, causing gastroen-
teritis or urinary tract infections; Salmonella,
causing typhoid fever and gastroenterilis; Shi-
gella, causing bacillary dysentery; Klesbsiella,
causing pneumonia and Yersinia, causing plague
(Cheesbrough, 1991; Prescott ot al, 2005). Rep-

resentalive pathdgens in Vibrionaceae are Vibrio

cholerae, causing cholera; V. parahaemolylicus,
sometimes causing gastroenteritis in humans
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following consumption of contaminated sealood,
and V. anguillarum and others, which are respon-
sible for fish disease (Prescolt el al, 2005). Al-
mosl all the mentioned enteric baclerial patho-
gens are implicated in water-borne diseases
(While et al, 1972, Todd, 1990; Slevenson, 1983;
Tibbels, 1906; Eja, 2003) and food-borne infec-
tions and inloxicalions (IPrescoll et al, 2005).

‘Operators of restaurants in Calabar slore
all sorts of food, especially perishable foods, in
deep freezers. The stored items may be alco-
holic beverages in cans or bollles, meat, fish and
shelllish, sachel water, ele. Tho food iloms are
not usually washed belore they are stored in the
freezers. Sometimes lell-over food remains in the
reslaurants, which is usually stored in the [reez- .
ers. Consequently, water draining from these
food stuffs when the power is cut, as is often
the case in this parl of Sub-saharan Alrica, ac-
cumulales at the bollom of lhe freezers. As time
goes by, the bottom of the freezers becomes a
source of heterotrophic bacteria which become
active when taken out of the freezers (White and
West, 1992).
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In this study, the aim was to détermine the
bacteriological quality of the waler found al the
bottom of freezers in some restaurants in Cala-
bar and establish the hygicnic status anc epide-
miological significance of the restaurants in the

spread of diseases in Galabar, southeastern Ni-
geria.

MATERIALS AND METHODS

Water collection ; .

Water samples were collected in triplicates
aseptically from 8 different restaurants (R,~Hy)
randomly selecled In diffarent areas of Calabar,
Because the bottom water of the freezers was
of a minimum volume, water samples were col-
lecled with sterile 250 ml sampling boltles by
dipping the bottles hung on sterile strings into
the water, and withdrawing the bottles filled with
the water. The samples were carried in an ice
box at 4°C to the laboratory for analysis within 2
hours. .

Total heterotrophic bacterial counts -

Because of the highturbidity of the water
found at the bottom of the freezers, ten-fold se-
rial dilutions in the ranges of 10-'-10°¢ were pre-
pared using sterile distilled waler (Atlas and
Bartha, 1992). One milliliter aliquots of samples
diluted to 103-10¢ were 'seeded into slerile dis-
posable Petri dishes (30 mm diameter) in tripli-
cates and the total heterotrophic bacterial count
was determined by pour plate technique (Ameri-
can Public Health Association, 1998) using
tryptone soya agar (Oxoid, England). The cul-
tures were incubatec at 37°C for 48 hours after
which bacterial colony counting was carried oul.
Coliform and E. coli counts on membrane filter

A membrane filtration technicue was ap-
plied (Anonymous, 1969; American Public Health
Association, '1998) using lauryl tryptose broth
(Oxoid, England) on the membrane filler. Total
colifom counts were determined after incubation
at 37°C for 24-48 hours, while fecal coliforms
(E. coli) were cultered at 44+0.5°C for 24-48
hours in a water bath (Gallenkamp, England),
using a 100 mi water sample (diluted to 10).

Detection of enteric bacterial pathogens

A multiple-tube enrichment technique
(American Public Health Association, 1998) was
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adopted, in which 100 ml of sample dilutions
were lillered through a 0.45 jun pore-size mems-
brane filler (Oxoid, 1985; ltah et al, 1996). The
whole of the deposit on the filler membrane was
translerred to 100 ml of a suilable enrichment
medium, thoroughly mixed, and incubated at
37°C lor 24 hours. Inoculations from the tubes

that showed growth turbidity were made from

the enrichment medium to selective medium in
order to isolate and biochemicalls} identify 'the
SUSDOCt organisms.

For Salmonella, the enrichment medium
was tetrathionate broth (American Public Health
Association, 1998), while the selective medium
was deoxycholate citrale agar (DCA) (Oxoid,
1985) on which suspect colonies were opaque.
Salomnella species were identified by smearing
the surface of Kligler iron agar (KIA) slope and
stabbing the butt with a colony picked off the
DCA, and incubating at 37°C for 18-48 hours
(Oxoid, 1985: Cheesbrough, 1991). Color
change of the butt.and slope, and hydrogen sul-
fide gas production formed the basis for identi-
fication. Also, a smooth suspect coelony was
inoculaled into a tube of motility indole urea
(MIU) medium by stabbing and incubaling for
about 4 hours. Pink color throughout the me-
dium indicated urease production (Cheesbrough,
1991). .

The enrichment medium for Shigella was
nutrient broth adjusted to a pH of 8.0 (a less
favorable growth pH for coliforms). Cultures of
6 and 18 hours incubation at 37°C were slreaked
on xylose lysine deoxycholate (XLLD) agar lo op-
timize Shigella recovery (Oxoid, 1985;
Cheesbrough, 1991; American Public Health
Associalion, 1998). The biochemical lesls de-
scribec for Salmonella wera performed on sus-
pected Shigella species. .

McConkey broth was used as salecliva en-
richment medium for enteropathogenic £, cofi.
Identification of isolates from McConkey agar
was done through a.lactose fermentation test
and Indole-Methyl-Red-Voges-Proskauer and
citrate utilization (IMVic) lesls.

The seleclive enrichment procedure and
identification described earlier for E. coli, applied
in the case of Kiebsiella, which does not pro-
duce gas from lactose at 44°C.
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Yersinfa was seleclively enriched with
McConkay broth and incubaled al room tom-
perature (Cheesbrough, 1991), while the selec-
tive madia was blood agar. Identificalion was
carried out by biochemical lests and the pro-
duction of a yellow butl and pink-red slope on
IKtigler iron agar (KIA) with no LS gas produc-
lion or blackening (Cheeshrough, 1991). .

In the isclation and.identilication of Vibrio
cholerae, alkaline peptong waler (pi-l 9.0) was
used as the enrichment medium, while thiosul-
phate - citrate - bile - salt-sucrose (TCBS) agar
was Lhe selective medium. The yellow and green
colonies on lhe TCBS agar were examined for
biochemical and morphological charactoeristics
using the scheme of Cheesbrough (1991). All the
biochemically identified Vibrio cholerae were
serolyped using polyvalent 01, non-specilic
Og;.-awa and Inaba antisera. Biolyping was done
on the basis of produclion of soluble hemolysins,
hemaglutination wilh chicken red blood. cells

(RBC) and resistance to 0/129 vibrioslatic com-

pound (Cheeshrough, 1001),

Anlibiogram of baclerial isolales

A disc diffusion technique using the Kirby-
Bauer method (Stokes and Ricdway, 1980;
Prescoll et al, 2005) was applied in lesting pure
cultures of the isolates for their anlimicrobial re-
sistance patterns,

Stalistical analysis
Differencas, il any, between 1heé restaurants

wilh respec! to baclerial counts in Lhe lreezer
bottom waler, were delarmined uging the sta-
tistical method,. analysis of variance (ANOVA)
(Bailey, 1981; Miller and Miller, 198G).

RESULTS

Baclerial counts of water samples from freez-
ers

Moan helerotrophic baclerial counts inwa-
ter samples from the reczars ol the restaurants,
as shown in Table 1, 'rangod from 3.1 L 0.02 1o
7.1 £ 0.3 x 10" clu/ml, while mean coliform
counts ranged rom 0.6 £ 0.1 to 2.4 £ 0.2 x 10"
cfu/ml. £, coli rangoed from 0.1 4 0.1 1o 0.6 1
0.5 x 10" cfu/mil. There was no signilicant dilfer-
ence (p>0.05, 0.01) among the freeczers in the
reslaurants with respecl to baclerial counts.

Incidence of enleric baclerial pathogens
The incidence of enleric baclerial palho-

'gf-:ns in the water samples from the freezers in

the restaurants is shown in Table 2, Tho rasulls
indicale that enteropathogenic Escherichia coli
was the mosl requently occurring organism
(16.7%), tollowed by Satmonehia typhi (20.0%),
Shigella sp (13.3%), Yersinia species (6.7 %),
Klebsiella pheumoniae, Vibrio cholerae 01 (5.0%
cach) and Vibrio parahaemolyticus (3.3%).

Anlibiolic resistance pattern
I. . .
The antibiolic resislance patlern for the
icdlentified enleric baclorial pathogens is repre-

Hostawrants.

No. of somples

Table 1

RBaclerial counts lrom water samplas from freezors in eight restaurants studied.

Maiin helerotrophic Maean caliform Mean Lk, coli
baclerial count caunl counl
(x 1O clusml) { x 10" clu/ml) (x 10% clufmil)

IR, 3 19102 1.3 1 0.056 ¥ DBAKOR"
R, 3 6.7 1 0.4 2.4 10,2 0.61 0.5
R, 3 3.4 10.2 0.6 & 0.1 0.2+ 0.1
R, -+ 3.6 1 0.1 0.8+0.2 03402
i, 3 7.0 103 1.0 L 0.1 0.1 10,1
R, | 3.8 102 13104 0.31 0.1
i, 3 3.0 10,02 00103 0.2 4 0.1
R, 5 5.7 10,02 1.2 1 0.0 0.6.4 0.2

R, - R,y represent restaurants whose reezer walor was sampled
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Table 2
Incidence of enteric bacterial pathogens in the water samples from the freezers of restaurants.

No (%) of Enteric baclertal pathogens isolated

Sources of No. of Eniero- Salmoneifa Shrgeﬂa Kiebsre.'la Yersrma Vrbro Vibrio
samples samples pathogenic  {yphi species pneumoniae species cholerae 01 parahae- Total
‘analysed  E, coli molyticus
R, 3 4(40.00 2(2000 1(10.0) 0(0) 2 (20.0) 0(0) 1 (10.0) 10
R, 3 6 (54.5) . 2(182). 2(18.2) " 1(9.1) 0 (0} 0 (0) 0 () . 11
R, 3 3(42.8)  1(143) 2 (28.6) 1(14.3)  0(0) 0(0) 0(0) 7
R, 3 4(66.7) 2(33.3) 0(0 o 0 (0) 0 (0) 0 (0) 6
Ry 3 2 (40.0) ' 0(0.0) 2 (40.0) 0(0) 0 () 12000 0() 5
Rs 3 2(40.0) 0.0 1(20.0) 0(0) 1 (20.0) 1(20.0) 1. 0(0) 5
R, 3 4 (40.0) 3 (30.0) 0 Q) 1(10.0) 1 (10.0) 0 (0) 1(10.0) 10
Ry 3 3 (50.0) 2 (33.3) 0 - 0(0) 0 (0) 1(16.7) 0(0) 6 -
Total 24 28 (46.7) 12(20.00) 8(13.3) 3(5.0) 4 (6.7) 3 (5.0) 2 (3.3 60
Numbers in parenthesis represent percenlage incidence.
R, - Rq represent restaurants whose freezer waler was sampled.
Table 3
Antibiotic resistance pattern of enteric bacterial pathogens Isolated from the bottom water of
freezers. '
Parcenlage of isolated slralns resistant to: No.
Enteric R showing
bacterial No. of AMP C SU TE ST GN CRO N 'CPX SXT mulliple
. species isolates ' . resistance
tested _ .
Salmonella typhi 10 200 100 30.0 30.0 600 100 70.0 400 500 0 60.0
Shigella sp 15 200 200 133 0O 6.7 200 333 267 267 200 73.3
Escherichia coli "8 250 375 125 625 250 500 250 250 375 O 50.0
Yersinia sp 4 50.0 25.0° §0.0 25.0 0 750 500 250 250 500 50.0
Klebsiella pneumoniae 6 * 833 66.7 16.7 50.0 167 333 66.7 333 160 66.7 GG.7
Vibrio cholerae o1 25 120 16.0 200 4.0 89 40 200 240 120 16.0 24.0
Vibrio parahaesmolyticus 30 16,6 3.3 0 0 133 67 33 67 200 66 16.7
Total 98 R 194 173 143 133 163 153 265 214 235 153
S 806 827 857 86.7 837 B4A7 735 786 965 84.7

AMP = Ampicillin (25 pg/ml); C = 'Chloramphenlcol (25 jg/ml); SU = Sulphonamide (25 pg/mi); ;
TE = Tetracycline (25 pg/mi); ST = Streptomycin (25 pg/ml); GN = Gentamicin (25 ng/mi);

CRO = Celtriazone (25 pg/mi); N = Nitrofurantoin (25 ng/m); CPX = Ciprofloxacine (25 ng/ml);

SXT = Trimethoprim-sulfamethoxazole (25 ng/ml); R = Resistant; S = Sensitive.

sented in Table 3. S. typhi showed the highest
resistance to ceftriazone (70.0%) and cipro-
floxacin (50.0%). S. typhi was least resistant to
trimethoprim-sulfamethoxazole (0%), chloram-
phenicol (10.0%) and gentamicin (10.0%). Shi-
gella sp (33.3%) was very resistant to ceftriazone
(33.3%), nitrofurantoin and ciprofloxacin (26.7%
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each). Shigella was least resistant to tetracycline
(0%). E. coli showed a high resistance (62.5%)
to tetracycline but the least resistance (0%) to
trimethoprim-sulfamethoxazole. Yersinia sp was
resistant to gentamicin (75.0%), sulphonamide
(50.0%), trimethoprim-sulfamethoxazole (50.0%)
and ampicillin (50.0%), while the least resistance
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(25.0%) was seen to ch!orémphenicol. tetracy-

cline, nitrofurantoin and ciprofloxacin. Klebsiella
pneumoniae showed the highest resistance to
ampicillin (83.3%), chloramphenicol (66.7 %) and
trimethoprim-sulfamethoxazole (66.7%). Vibrio
cholerae and V. parahaemolyticus showed mini-
mal resistance to most of the antibiotics. Be-
tween 16.7% (V. parahaemolyticus) and 73.3%
(Shigella sp) of the enteric bacterial strains
showed multiple resistance to antibiotics. In all,
13.3 to 26.5% of the enteric bacterial pathogens
were generally resistant, while 73.5 lo 96.5%
were sensitive to the antibiotics: tested.

DISCUSSION

All the freezers in the study were heavily
contaminated with bacteria. Mean heterotrophic
bacterial counts ranged from 3.1 + 0.02 to 7.1.
+ 0.30 x 10* cfu/ml (Table 1). The presence of
Escherichia coli up to 0.6 + 0.50 x 10* cfu/mi
indicates that all the freezers were fecally con-
taminated (Anonymous, 1969; American Public
Health Association, 1998; Eja, 2003). There was
no significant difference (p>0.05, 0.01) among

the freezers with respect to heterotrophic bac--

terial counts and/or fecal coliform counts, indi-

cating that freezers in all the restaurants are

potential sources for the spread of disease.

The identified enteric bacterial pathogens

were Salmonella typhi, Shigella sp, enteropatho-
genic E. coli, Yersinia sp, Klebsiella pneumoniae,
Vibrio cholerae 01 and Vibrio parahaemolyticus.
All these organisms occurred in different propor-
tions in the freezers (Table 2), E coli was the
most frequently occurring organism (46.7%),
followed by Salmonella typhi (20.0%) and Shi-
gella sp (13.3%). The least were Klebsiella
pneumoniae and Vibrio cholerag 01 (5.0%), fol-
- lowed by V. parahaemolyticus (3.3%). These or-
ganisms are implicated in water-related diseases
(American Public Health Association, 1998; Eja,
2003). These results reveal that mosl freezers

used in restaurants in Calabar are of epidemio- .

logical significance in the spread of waterborne

and foodborne infections. Nair et al (1988) re-

port that aquatic reservoirs of V. cholerae may
be a mechanism by which cholera endemicity is
maintained in a given area, and that an aquatic
" reservoir is probably the vehicle for primary trans-
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mission of infection. Elsewhere in Nigeria, the

~ epidemiological patterns and prevalences of

enteric bacterial pathogens and associated dis- .
eases have been noted (Agbonlahor and
Odugbemi, 1982; Olanipegkun, 1984).

In this study, it is inferred that unhygienic
maintenance of commercial freezers is one of .
the means of maintaining diarrheal endemicily
in the Calabar area of southeastern Nigeria. Eco-
logical factors that are capable of stabilizing a
focus of diarrhea endemicity in Calabar have
been highlighted previously (Utsalo et al, 1992).
As part of on-going research in the Calabar River
Basin to identify those environmental niches that
may conlribute to the maintenance of cholera
endemicity within the area, Udo (1993) con- .
cluded hat shrimps harvested from the Cross
River esluary play an important role. Shrimps are
one of the meal delicacies of the people of Cala-
bar, and freshly harvested shrimps are usually
stored in freezers.

It is worrisome to note in this study that no
identified enteric bacterial pathogen was 100%
sensitive to the anlibiotics tested for resistance
pattern. Although, in general, 73.5 to 96.5% of
the organisms were sensitive to the antibiotics,
up to 26.5% were resistant. However, individual
differences in the resistance patterns of the or-
ganisms were discernible in the number/percent-
age of each organism showing multiple resis-
tance (Table 3). Mulliple resistance to the antibi-
otics was highest in Shigella (73.3%), followed
by Klebsiella penumoniae (66.7%), Salmonella
(60.0%) and Escherichia coli (50.0%). Since the
waler at the bottom of the freezers is like a
“soup”, there is the possibility of drug resistance
transferring from one strain to another and from
one species to another (Prescott et al, 2005).
Unless public health education of operators of
restaurants is started by health authorities, the
rise in drug resistance will complicate the already
existing problem of endemicity of the diarrhea-
related diseases in Calabar, southeastern Nige-
ria.
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