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Abstract: The aim of this study is to clarify the etiology and ecology of diarrhoeal
diseases in Kwale District, Coast Province, Kenya. Nine hundred and ninety-nine di-
arrhoeal specimens were collected during the period between October 1981 and July 1982,
and they were bacteriologically examined. The isolation rates of enteropathogens were
as follows: 22.8% for Shigella, 8.0% for enteropathogenic Escherichia coli (EPEC), and
3.5% for Salmonella. Vibrio cholerae and Vibrio parahaemolyticus were not isolated dur-
ing this period. The isolation rates of the pathogens got high during the rainy season,
such as 42.1% in April, 57.5% in May, and 53.0% in June. Shigella was the most
predominant pathogen, and EPEC was isolated with relativery high frequency especially
in October, March and June. In the bloody diarrhoeal stools, Shigella was isolated in
76.0% (124/163) while EPEC and Salmonella were 4.9% and 2.4% respectively. But
the other 18.4% of the bloody diarrhoea was negative for these pathogens. Among a
total of 228 Shigella isolates, the subgroup Sh. flexneri was most predominant (168/228=
73.6%), and the second predominant subgroup was Sh. sonnei (12.2%). Regarding the
serovar of 168 strains of Sh. flexneri, 71 strains belonged to type [-a (42.3%), and 39
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strains revealed type |-b (23.6%). In the age group older than 5 years, the isolation
rate of the enteropathogens was more than 30%, but in the group below 5 years, it was
20.8%. TFrom these results, it can be stressed that the study on the infections with
Campylobacter jejuni, enterotoxigenic E. coli, and rota virus should be carried out as
said by WHO.

phenicol, ampicillin and nalidixic acid, the resistant Shigella strains against tetracycline

In the drug sensitivity test using tetracycline, streptomycin, chloram-

were outstanding.

25 mcg/ml).

rate of resistant strains against the multiple drugs was low.

About 50% of the Shigella strains appeared clinically resistant (MIC>
Highly resistant strains (MIC>100 mcg/ml) were seen in 12.2%. The

In Kwale District, most of

the diarrhoeal patients are treated with tetracycline, so it is possible that Tetracycline~

resistant strain will increase and persist.

the drinking tap water.

Enteropathogenic E. coli was detected from

It suggests that the tap water is one of the focus of infection.

Tropical Medicine, 24 (4), 235—252, December, 1982
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Fig. 1. The map of the Republic of Kenya.
Population: 1,530x10* (1979’ Census),
Area: 582,644Km?.
A: Kisumu (Altitude, 1,157m), B: Na-
kuru (Alt., 1,850 m), C: Nyeri (Alt.,
1,829 m), Nairobi (Alt., 1,661 m), Mo-
mbasa (Alt., 17 m).
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Table 1. Population in Central Division, Kwale District by sex, and age group

Male Female Total
0—4 yrs. 4,114 4,162 8,276
5—9 3,864 3,628 7,492
10— 14 2,639 2,377 5,016
15—49 10,179 10,751 20,930
50+ 2,515 1,995 4,510
unknown 66 37 103
Total 23,377 22,950 46,327
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Fig. 2. The map of Kwale District and the location of medical facilities.

A: Likoni Health Centre,

B: Ngombeni Dispensary,

C: Waa

Dispensary, D: Matuga Dispensary, E: Kwale Subdistrict Hos-
pital, and F: Tiwi Health Centre.
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Table 2. Period of surveillance
Kwale, Matuga,
Tiwi* Waa, Ngombeni,
and Likoni*
October 81 15th—31st 27th—31st
November 1st—30th 1st—-30th
December 15th—18th 15th—18th
January 82 12th-—-30th 12th —26th
February 3rd—21st 9th—19th
March 9th—19th 9th—19th
April 1st—26th 14th—23rd
May 3rd—14th 4th—14th
June 2nd —22nd 8th—18th
July 6th—16th 6th—16th

*: Tiwi Health Centre, Kwale Subdistrict
Hospital, Matuga Dispensary, Waa Dis—
pensary, Ngombeni Dispensary, and
Likoni Health Centre.

W L, SS FEXREHL, NV oA — M,
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Table 3. Monthly isolation rates of enteropathogens

Shigella E.P.E.coli* Salmonella Total
October 81 7/93 (7.5) 10/93 (10.7) 1/93 (1.0 18/93 (19.3)
November 36/254 (14.1) 19/254 (7.4) 5/254 (1.9) 60/254 (23.6)
December 10/76 (13.1) 5/76 (6.5) 2/76 (2.6) 17/76 (22.3)
January 82 17/93 (18.2) 4/93 (4.3) 3/93 (3.2) 24/93 (25.8)
February 23/83 (27.7) 3/83 (3.6) 3/83 (3.6) 29/83 (34.9)
March 22/88 (25.0) 11/88 (12.5) 3/88 (3.4) 36/88 (40.9)
April 21/64 (32.8) 3/64 (4.6) 3/64 (4.6) 27/64 (42.1)
May 48/113 (42.4) 8/113 (7.0) 9/113 (7.9) 65/113 (57.5)
June 27/83 (32.5) 12/83 (14.4) 5/83 (6.0) 44/83 (53.0)
July 17/52 (32.6) 5/52 (9.6) 1/52 (1.9) 23/52 (44.2)
Total 228/999 (22.8) 80/999 (8.0) 35/999 (3.5) 343/999 (34.3)

No. of positives/No.

Vibrios were not isolated during this period.

*.

Enteropathogenic Escherichia coli.

of specimens, ( ): positive percentage,
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Fig. 3. Monthly isolation rates of enteropathogens, and climatic conditions at
the coastal strip of Kenya.

Rain fall: mean rain fall (mm) for 35 years (1946—1980) at Mombasa
Moi Airport

Temperature: mean temperature for 11 years (1970—1980) at Mombasa
Old Observatory (cited from the Report of Meteorological Department,
Kenya)
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Table 4. Isolation rates of enteropathogens by age group

Shigella E.P.E.coli Salmonella Total
0—4 yrs. 23/273 24/273 10/273 57/273
(8.4%) (8.7%) (3.6%) (20.8%)
5—10 17/91 12/91 2/91 31/91
(18.6%) 13.1%) @.1%) (34.0%)
11-16 27/105 10/105 3/105 40/105
(25.7%) 9.5%) (2.8%) (38.0%)
17+ 153/484 32/484 20/484 205/484
(31.6%) 6.6%) “4.1%) (42.3%)
unknown 8/46 2/46 0/46 10/46
(17.3%) (4.3%) 21.7%)

No. of positives/No. of specimens,
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Table 5. Isolation rates of enteropathogens by sex

Shigella E.P.E.coli Salmonella Total
Male 113/478 36/478 11/478 160/478
(23.6%) (7.5%) (2.3%) (33.4%)
Female 114/511 44/511 24/511 182/511
22.3%) (8.6%)> (4.6%) (35.6%)
unknown 1/10 0/10 0/10 1/10
10.0%) 10.0%)
No. of positives/No. of specimens.
Table 6. Isolation rates of enteropathogens in each facilities
Shigella E.P.E.coli Salmonella Total
Tiwi 49/195 (25.1) 16/195 (8.2) 7/195 (3.5) 72/195 (36.9)
Kwale 30/154 (19.4) 17/154 (11.0) 4/154 (2.5) 51/154 (33.1)
Matuga 39/174 (22.4) 7/174  (4.0) 7/174 (4.0) 53/174 (30.4)
Waa 16/113 (14.1) 8/113 (7.0) 6/113 (5.3) 30/113 (26.5)
Ngombeni 34/178 (19.1) 16/178 (8.9) 5/178 (2.8) 55/178 (30.8)
Likoni 60/185 (32.4) 16/185 (8.6) 6/185 (3.2) 82/185 (44.3)
Total 228/999 (22.8) 80/999 (8.0) 35/999 (3.5) 343/999 (34.3)

No. of positives/No. of specimens, ( ): positive percentage.

Table 7. The various isolation rates depending on the character of stool

Bloody Other Non
diarrhoeal diarrhoeal diarrhoeal Total
stool stool* stool
Shigella 124/163%* 100/789** 4/47%* 228/999
(76.0%) (12.6%) (8.5%) (22.8%)
E.P.E.coli 8/163 67/789 5/47 80/999
“4.9%) (8.4%) (10.6%) (8.0%)
Salmonella 4/163 29/789 2/47 35/999
(2.4%) (3.6%) 4.2%) 3.5%)
Negative 30/163 616,/789 36/47 682/999
(18.4%) (78.0%) (76.5%) (68.2%)

*: Muddy, Mucous, or Watery stool,

mixed infection (see Table 12).

**. No. of specimens.
The isolation frequency is larger than the number of specimens because of

L
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Monthly variation of Shigella serovar

B

‘81

Oct Nov Dec Jan

Feb Mar

Apr May Jul  Total

Jun

2

7

Sh. dysenteriae 4% 1

3 2 4 1 17 (7.4%)

1(0.4%)

Sh. flexneri la
1b

2a

¥ = e S-S SN

var.

%Nm%gﬁ

var.

2 (0.8%)
39 (17.1%)
71 (31.1%)

2 (0.8%)

19 (8.3%)

14 (6.1%)

20 (8.7%)

1 €0.4%)

10

10 18

@ = s

- Ot

Sh. boydii

= Do

o

2

4 (1.7%)
1 (0.4%)
4 (1.7%)
5 Q2.1%)

Sh. sonnei 1 1 3

3 2 1 1 28 (12.2%)

Total 7 36 10 17

21 48 27 17

23 22 228

* . No. of isolated strain(s), .:
Sh. dysenteriae 18/228 (7.8%), Sh. flexneri 1
Sh. boydii 14/228 (6.1%), Sh. sonnei 28/228

Not isolated.

68/228 (73.6%
(12.2%).
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Table 9. Comparative study of Shigella serovar in each facilities
No. of Tiwi Kwale Matuga Waa Ngombeni Likoni
strains & g

Sh. dysenteriae 2 17 8 3 1 2 1 2

1 0 1 0 0 0 0

Sh. flexneri la 2 0 0 1 0 1 0

1b 39 6 3 10 5 5 10

2a 71 15 10 8 5 11 22

3a 2 0 0 0 0 1 1

4 19 3 6 2 0 5 3

6 14 0 4 3 2 0 5

var. X 20 11 0 3 0 4 2

var. Y 1 0 0 0 0 1 0

Sh. boydii 2 4 0 1 2 0 0 1

4 1 1 0 0 0 0 0

5 4 0 0 1 1 0 2

10 5 2 0 0 1 1 1

Sh. sonnei 28 3 2 8 0 4 11

Table 10. Serovar of enteropathogenic Escherichia coli

026:K60, 8* 0111:K58, 6 0127a: K63, 6
028a,c: K73, 2 O112a,c: K66, 3 0128:K67, 4
044: K74, 9 0119: K69, 1 0136: K38, 1
055: K59, 2 0124:K72, 11 0143:Kx,, 5
086:K62, 3 0125:K70, 6 0144:Kx,, 2
086a: K61, 4 0126: K71, 3 0146:K89, 4

*: No. of isolated strain(s).

Table 11. Serovar of Salmonella O-antigen
group B: 17%, group C 1: 1, group C 2: 1
group D 1: 3, group E1: 2, group E 4: 1
group G: 7, group O: 3

*:No. of strain(s).

Diagnostic of H-antigen are now going on.



Table 12. The list of mixed infection cases

1. 18/Dec./’81; A.S.N.; 28 F; Matuga; Shigella flexneri 4 and Salmonella
group G; muddy diarrhoea

2. 9/Mar./’82; N.B.; 29 M; Tiwi; Shigella dysenteriae 2 and Salmonella group
B; muddy diarrhoea

3. 15/Apr.; M.T.; 25 F; Matuga; Shigella flexneri 1b and E.P.E.coli O44:
K74; bloody diarrhoea

4. 4/May; M.M.M.; 29 F; Matuga; Shigella sonnei and E.P.E.coli 0124:

K72, bloody diarrhoea

4/May; M.M.; 18 F, Matuga, Salmonella group B and Salmonella group O;

ot

muddy diarrhoea

6. 6/May; M.H.; adult F; Likoni; Shigella flexneri 1b and Salmonella group
B; bloody diarrhoea

7. 7/May; M. B.; 1 F; Waa; Shigella flexneri 6 and Salmonella group G;
mucous diarrhoea

8. 8/Jun.; M.S., 25 F; Kwale; E.P.E.coli 086a:K61, E.P.E.coli, O144:
Kx,, and Salmonella group E 1; muddy diarrhoea

9. 14/Jun.; M.A.; 33 M; Tiwi; Shigella flexneri variant X and E.P.E.coli
055:K59; muddy diarrhoea

10. 14/Jun.; R. J.; 20 F; Likoni; Shigella flexneri 1b and E.P.E.coli 026:
K60; mucous diarrhoea

11. 18/Jun.; M.H.; 47 F; Tiwi; Shigella flexneri variant X and Salmonella
group B; bloody diarrhoea

12. 6/Jul.; M.K.; 16 M; Kwale; Shigella dysenteriae 2 and E.P.E.coli 055:
K59; muddy diarrhoea

Date; Name; Age and sex; Location; Isolated enteropathogens; Character of stool

Table 13. Geographical distribution of the colicine types of Shigella sonnei

No. of No. of

Location isolated strains tested strains Types Number
Tiwi 3 2 6 2
Kwale 2 2 6 2
Matuga 8 8 6 8
N gombeni 4 4 6 4
Likoni 11 10 6 9

8 1
Total 28 26 6 2

jee]
—_
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Table 14. Drug sensitivity patterns of the isolates

Shigella subgroup flexneri (152 strains) Shigella subgroup sonnei (24 strains)

MIC* Number of inhibited strains MIC Number of inhibited strains
TC SM CP NA AB-PC TC SM CP NA AB-PC

less than, or less than, or

0.2 mcg/ml 4 1 0.2 mcg/ml 1

0.39 9 6 2 0.39

0.78 27 62 20 4 0.78 2 1

1.56 32 1 69 54 47 1.56 7 3 15 3

3.13 10 12 6 73 62 3.13 5 1 19 8 15

6.25 1 89 1 1 17 6.25 14 2

12.5 17 5 12.5 1 1

25 3 2 1 25

50 12 2 1 1 1 50 5

100 30 2 3 3 io00 3 2

more than 100 28 27 12 more than 100 2 9 1

MIC*: Minimal Inhibitory Concentration

(13 strains)

Shigella subgroup dysenteriae (15 strains) Shigella subgroup boydii

MIC Number of inhibited strains MIC Number of inhibited strains
TC SM CP NA AB-PC TC SM CP NA AB-PC

less than, or less than, or

0.2 mcg/ml 1 1 0.2 mcg/ml

0.39 1 1 0.39 1

0.78 4 7 2 4 0.78 1

1.56 1 6 5 4 1.56 3 8 3 1

3.13 1 7 3 3.13 3 4 9 7

6.25 4 6.25 4 1 4

12.5 6 12.5 1

25 25 1

50 3 50 1

100 5 1 1 100 3

more than 100 1 5 1 more than 100 2 7 1

Enteropathogenic E. coli (49 strains) Salmonella (33 strains)

Number of inhibited strains Number of inhibited strains

MIC TC SM_CP_NA AB-PC MIc TC_SM_CP_ NA AB_PC
less than, or less than, or

0.2 mcg/ml 1 0.2 mcg/ml

0.39 1 0.39 31

0.78 7 1 0.78 1

1.56 21 5 3 1.56 30 2 1
3.13 6 3 4 42 13 3.13 2 29 31
6.25 1 14 36 2 11 6.25 16 2

12.5 1 6 3 5 12.5 15

25 1 3 1 25 1 1
50 3 2 50 1

100 5 2 1 100 1

more than 100 5 20 16 more than 100 1

TC: Tetracycline, CP:

Chloramphenicol, SM:
AB-PC: Aminobenzyl-penicillin

Streptomycin, NA: Nalidixic acid,
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Table 15. The resistant pattern of the isolates (MIC>100 mcg/ml)

: Shigella E.P.E.coli Salmonella
Resistant to (204)* (48)* (33)*
TC only 25%%(12.2) 2 4.D) 0
SM only 29 (14.2) 8 (16.6) 0
CP only 0 0 0
AB-PC only 1 (0.4) 6 (12.5) 1 G.0)
NA only 0 0 [}

TC + SM 6 (2.9 1 (2.0)
TC + AB-PC 1 (.4
SM + AB-PC 12 (5.8) 8 (16.6)
TC + SM + AB-PC 1 (0.4)

*: No. of tested strains, **:

No. of resistant strain(s),
( ): percentage of resistant strain(s).

Table 16. The resistant pattern of Shigella (MIC>25 mcg/ml)

. subgroup subgroup subgroup subgroup Total
Resistant to B (152)* D (4)* A (15)* C (13)* (204)*
TC only 45%* 2 6 2 55 (26.9%)
SM only 7 1 3 4 15 (7.3%)
CP only 1 1(0.4%
AB-PC only 2 2 (0.9%)
NA only 1 1 (0.4%)
TC + SM 11 5 3 19 (9.3%)
TC + CP 2 2 (0.9%)
TC + AB-PC 1 100.4%
SM + AB-PC 1 1 2 (0.929)
TC + SM + AB-PC 11 3 1 15 (7.3%)
SM + CP + AP-PC 1 1 (0.4%)
TC 4+ SM + CP + AB-PC 1 1 (0.4%)

*: No. of tested strains, **:

No. of resistant strain(s).
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Table 17. Qualitative bacteriological examination from public tap water

Date Point Place Isolated bacteria
12/May/’ 82 1 Likoni Proteus
2 N gombeni Pseudomonas
3 Waa Pseudomonas, Klebsiella
4 Tiwi Pseudomonas, Klebsiella
9/Jun. 1 Likoni Enteropathogenic E. coli O86a:K61,
Enterobacter, Oxidase+ GNR*
2 Ngombeni E. coli, Enterobacter, Pseudomonas
3 Waa Enterobacter, Pseudomonas
4 Tiwi Citrobacter, Enterobacter
17/Jul. 1 Likoni Oxidase+ GNR
2 Ngombeni Pseudomonas
3 Waa E. coli, Klebsiela, Oxidase+ GNR
4 Tiwi E. coli, Citrobacter, Klebsiella

*: Gram Negative Rod, not Genus Vibrio.
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