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Summary 
The number and trend of antibiotic resistance by Shigella 
species recovered from food and diarrhoeal stools arc on the 
increase in Nigeria and has resulted in a high frequency of 
hospitalisation. Increased cost of disease management, and 
h igher mortal i ty in chi ldren. This study exposes 51 a -
lactamase producing Shigella isolates from Lagos to some 
newly introduced drugs in the country. The drugs include 8. -
lactam - a -lactamase inhibitor antibiotics, a - lactam sub-
strate hydrolysis and inhibitory effects of clavulanatc were 
also investigated in-vitro. Results obtained revealed that all 
the isolates showed high level resistance to tetracycline, ampi-
cillin, streptomycin, co-trimoxazole and amoxicillin with an MIC 
range of 128 - 1024 pg/ml. The isolates were susceptible to 
piperacillin, tobramycin, aztreonam and ofloxacin (0.03 - 8|.ig/ 
ml). 18.2 - 4 0 . 9 % o f S . flexneriand S. dysenteriaeshowed low 
level resistance to cefuroxime and cefotaxime (MIC = 4 - 16fig/ 
ml). Among the a-lactam - a - lactamase inhibitors tested, only 
piperacillin-tazobactam showed 100% resistance. Hydrolysis 
of a - lactam substrate was found to be species dependent in 
decreasing order of S. flexneri, S. dysenteriae, S. sonnei and 
S boydii. An IC50 range of 0.8 - 2 . 4 mM was also observed in 
these isola tes . Our da ta indica te that the incidence of 
multidrug resistance is high among a - lactamase producing 
Shigella isolates in Lagos, Nigeria. While the third generation 
cephalosporins should be used with cautions, some of the newly 
introduced drugs have the prospects of being used in the future 
control and management of shigellosis in the country. 

K e y w o r d s : a —lactamase, Shigellosis, Shigella species, drug 
susceptibility. 

I ' i nc idence dc la res is tance au spcccs dc Shigella contenu 
d a n s Ics n o u r r i t u e s c t l es s c l l c s dc d i a r r h e c aux 
ant ib iot iqucs sont en augmentat ion an Nigeria. Ccci rcsultc 
a ( ' augmenta t ion dc la f requence d ' l iospital isat ion el Ic 
coul du management dc la maladic associec a line grandc 
mo i l i I i t o c n f a n t i l c . Cc i t c etude in v i t ro cxposa i t ct 
investiguail 51 B-laclamase aux isolals dc shigella dc Lagos 
a c e r t a i n s nouvca t ix m c d i c a m e n l s d a n s Ic pays . Les 
resuMats monl ra i cn t que les isolats avaicnl tin cci la in 
deg ree tic res is tance an telracyclinc, amplici l l in, strepto-
mycin, co-tr i inoxa/ .olect amoxicillin avee tin MIC variant 
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entrc 128-1024 pg/ml. Les isolats dlaient susceptible a la 
piperacillin, totramycin, aztreonam et ofloxacin ( 0.03-8ng/ 
ml). 18.2-40% dc S. flexneri et S. dysenteriae montraient 
un faiblc degree dc resistance au ccfuroxinc et cefotaxine ( 
M I C = 4 - 16pg/ml). Parmi les ant-B-lactamases testes .seulc 
la piperacillin, tazobactam montraient 100% de resistance. 
L'hydrolyse du substrate de B-lactamase dtait dependent 
des spdees ct ddcroissait dans I 'ordrc du S.fleneri, S. 
dysenteriae.S sonnei ct S. hoydui. Le IC50 variait cntre 
0.8-24 mM dans tous les isolates. Ccs rcsultats indiquent 
que Pimpact de la multi-resistance est eicve parmi les B-
lactamases produisant la shigellose a Lagos. Cependant la 
3idme generation des cephalosporines doivent etre utilises 
a v e e a t t e n t i o n et c e r t a i n n o u v c a u x a n t i b i o t i q u c s 
nouvellement introduit pour le controle et le menagement 
des shigellose dans ce pays. 

Introduction 
Shigellosis still ravages most communities of the world 
where it is endemic with occasional outbreaks [ 1 ] The dis-
ease causes great morbidity and mortality especially in 
under five-year old children and immunocompromised pa-
tients [2]. Longer stays in hospitals and high frequencies 
of complications among patients have been attributed to 
virulence, mul t idrug resis tance and express ion of a -
lactamases by Shigellae [3,4]. In Lagos, where shigellosis 
is also endemic with S. flexneri as the sero-dorminant 
group, isolates identified have been found to be multi-
drug resistant, virulent and show dynamics of plasmid 
transferability over a 10-ycar study [5, 6]. However, the 
mechanisms of resistance to drugs by these isolates have 
not been studied. S - lactam drugs, which constitute over 
50% drugs used in the country are one of the antibiotics to 
which Shigellae have shown resistance. 

In a recent study in Lagos (unpublished), we found 
expression of S- lac tamasc enzymes among isolates that 
displayed resistance to more than three antibiotics. Resis-
tance to ampicillin and amoxicil l in was found to be very 
high bill the susceptibility profile of ihe isolates u h c n i h e s e 
drugs arc tested in combinat ion with a - lactamase inhibi-
tors such as clavulanatc , sulbactam and tazobaclam were 
not conducted. 

The present s tudy was designed to determine the 
susceptibi l i ty and res is tance to drugs by a - lactamase 
producing Shigella spec ies isolated in Lagos, Nigeria . 
Attempts will also be made to study uti l i /at ion of a - lactam 
substrates and Ihe level of inhibition by c lavulanatc . 
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Materials and methods 
Shigella isolates 
51 Shigella species out of 74 isolates obtained from patients 
with shigellosis in Lagos, Nigeria were screened by iodometric 
method [7] as a lactamase producers and were selected for 
study. The species distribution of the isolates was S. Jlexneri 
(n = 22), S. dysenteriae (n = 16), S. sonnei (n = 8) and S. hoydii 
(n = 5). A standard strain expressing plasm id mediated SUV-1 
- lactamase was used as a positive control. 

Determination of minimum inhibitory concentration (MIC). 
The susceptibilities of the a lactamase producing Shigellae to 
antibiotics were quantitatively determined by microbroth 
dilution technique according to NCCLS [8] and CEQA — AGAR 
[9] guidelines. The isolates were seeded into wells at a stan-
dardized inoculum size of 5 x 10J cfu/well. The antibiotics em-
ployed for study were ampicillin, piperacillin, gentamicin, 
tobramycin, amikamicin, tetracycline, nalidixic acid, ofloxacin, 
ciprofloxacin, ceftazidime, ceftriaxone, ccphalothin, strepto-
mycin, trimethoprim-sulphamethoxazole and chloramphenicol 
from Sigma (St Louis. USA), a -lactam - a -lactamase inhibitor 
combination drugs, which included amoxicillin-clavulanate, 
piperacillin-tazobactam and ampicillin-sulbactam were tested 
at a fixed ratio of 2:1 and were obtained from SmithKline 
Beecham, Nigeria. Escherichia coli ATCC 25922 was used as 
the control strain for each test run. In each test set, the well 
having the least antibiotic concentration was inoculated first 
and the well without antibiotic was inoculated last. MICs 
were defined as the lowest drug concentration at which no 
visible growth of organisms occurred. MIC50 and MIC,^ de-
fined as concentrations that inhibited visible growth of the 
isolates by 50% and 90% were also determined for the a-lactam 
- a - lactamase inhibitor combination drugs used. 

a -lactamase substrate utilization and inhibition profile 
Young cultures of Shigella isolates were used as sources of a 
-lactamase. To obtain a crude extract, five pure and discrete 
colonies of an isolate were inoculated in 10ml of trypticase 
soy broth and incubated in air for 18 hours. Then the broth 
was centrifuged at 250rpm at 4°C for 10 minutes and the result-
ing supernatant was filter sterilized through a 0 .25^m Millipore 
filtration unit. The assay for substrate hydrolysis by a -
lactamase was carried out spectrophotometrically according 
to Bush and Sykes [10]. Absorbance changes associated with 
the hydrolysis of a -lactam substrates by crude a -lactamase 
extract of Shigella were monitored at different wavelengths 
based on substrate specificity. Benzyl penicillin G, ampicillin 
and carbenicillin were measured at 240nm, ccphalothin was 
measured at 260nm, oxacillin was measured at 265nm and 
nitrocefin at 500nm. Each assay contained I ml each of crude 
extract and O.ImM substrate in 10mM phosphate bufTer, pi I 
7.0 except for ampicillin, which was assayed as a ImM sub-
strate. Each set of reactions was accompanied by a substrate 
blank.The assay mixture was incubated in a shaker (200rpn.) 
at 37 C for I hour. Absorbance was immediately measured 
against substrate blank at appropriate wavelengths usini> snec 
trophotometer D700 (Bcckman, USA). One unit ofactivtty vvas 
defined as the amount of enzyme that hydrolyzed I mo I of 
benzyl penicillin G per min per mg total protein at room tem-

perature. The rate of hydrolysis of each substrate was calcu-
lated relative to 100% hydrolysis for benzyl penicillin G. A 
standard strain express ing plasmid mediated SHV-I a -
lactamase was used as control. 

Total protein determination 
The total amount of protein in each of the filtered crude ex-
tracts was determined by Lowry method [ I I ] using bovine 
scrum albumin as the substrate (50 -150fig/ml). 

Clavulanate inhibitory assay 
Equal amount of enzyme from each isolate was pre-incubated 
with clavulanate at 0.05 - 2 . 8 m M for 10 minutes. Thereafter, 
hydrolytic activities were measured using nitrocefin as the 
substrate. ICW was defined as the concentration of clavulanate 
required to inhibit enzyme activity by 50% [10]. 

Statistical analysis 
Data presented in Table 1 represent range of MIC values of 
antibiotics against the a - lactamase enzymes producing Shi-
gella isolates studied. The range of MIC values of a-lactam -
a -lactamase inhibitor drug combination represents MICViand 
MICW values respectively. Data in Tables 2 and 3 were pre-
sented as mean + SD of the number of Shigella species. 

Resul ts 
The a -lactamase producing Shigella isolates displayed di-
verse antibiotic susceptibility profiles. 10 of the 22 Shigella 
1lexneri and 9 of the 16 S. dysenteriae isolates had a low 
resistance to nalidixic acid (MIC = 16 - 64ng/ml), while all the 
isolates of S. boydii and S. sonnei were susceptible (MIC = I-
4ng/ml). Similarly, 18.8 - 37.5% of the total S. dysenteriae and 
18.2 - 40 .9% of total S Jlexneri displayed intermediate resis-
tance against cefuroxime (8 - 16|jg/ml) and cefotaxime (MIC = 
4 — 16ng/ml), while other isolates were sensitive to these anti-
biotics (MIC = 0.015—1 ng/ml). In S. sonnei and S. boydii. the 
MICs of ampicillin - sulbactam were either in the intermediate 
or susceptible range. Other isolates had intermediate resis-
tance to this combination ( 1 6 / 8 - 64/16jig/ml) (Table I). 

The data presented in Table 2 demonstrated hydro-
lytic activity of the a-lactamases using ampicillin (AMP), carbe-
nicillin (CAR), oxacillin (OX A), ccphalothin (CEF) and benzyl 
penicillin G (PEN) as substrates. With the hydrolysis of benzyl 
penicillin G taken as 100, highest enzyme activity occurred with 
ampicillin as the substrate in all the Shigella isolates tested 
However, in a species dependent manner, the a lactamases ofS 
flexneri produced the highest ampicillin hydrolysis with mean 
relative activity of 661.3 + 4.5%. The enzymes expressed by 5 
boydii isolates gave the least activity (relative activity, 157.61 
1.5%). Hie mean relative activity of a lactamase enzymes of 5. 
dysenteriae was found to be 626.2 + 2.3%, while in S. sonnei, the 
mean enzyme activity was 355.3 + 3.4%. The a - lactamases of t 
boydii used oxacillin poorly as a substrate with a mean actn^y 
0.5 + 0.1 %. The activity of a -lactamases of S. flexneri on 
was 161.7 + 1.6%, while those of S. dysenteriae and X boydii 
were 135.3+ 1.2% and 120+ 1.7% respectively. Ccphalothin was 
generally a poor a -lactam substrate for the a -lactamases of 
the isolates. The mean enzyme activity ranged from 1.0-5.2%. 



Patterns of d-taclamase front diarrhocal /xilienls 

Tabic 1: Comparisons of MICs (fig/ml) among a - lactamase producing Shigella spccics from Lagos. Nigeria. 

Antibiotic S.dysenteriae (N = 16) 
n(%) MIC 

S. flexneri (N =22) 
n(%) MIC 

S. boydii (N = 5) 
n(%) MIC 

S. sonnei (N = 8) 
N(%) MIC 

tetracycline 16(100) 
Streptomycin 16(100) 
Ampicillin 16(100) 
Amoxicillin 15(93.8) 
Co-trimoxazole 16( 100) 
Nalidixic acid 10(62.5) 
Chloramphenicol 16(100) 
Gcntamicin 16(100) 
Tobramycin 16(100) 
Piperacillin 16(100) 
Ccphalothin 7 (43.8) 
Cefotaxime 6(37.5) 
Cefuroxime 3(18.8) 
Aztrconam 16(100) 
Ofloxacin 16(100) 
Ciprofloxacin 16(100) 
Piperacillin-ta/obactam 16(100) 
Amoxicillin-clavulanate 16(100) 
Ampicillin-sulbactam 16 (100) 

128 > 512 
64 > 256 

128 > 2 5 6 
128 > 2 5 6 
64 - 256 
1 6 - 064 

128 >256 
I - 2 

. 2 
- 8 
. 2 
- 16 
- 16 
- 2 
- I 

0.0075 - 0.25 
8 / 4 - 16/8 
1 6 / 8 - 6 4 / 1 6 
1 6 / 8 - 3 2 / 1 6 

0.5 
4 
1 
4 
8 
I 

0.03 

22(100) 
22(100) 
22(100) 
19(83.4) 
22(100) 
13 (59.1) 
22(100) 
22(100) 
22(100) 
22(100) 

8(36.4) 
9(40.9) 
4(18.2) 

22(100) 
22 (100) 
22(100) 
22(100) 
22(100) 
22(100) 

128 > 2 5 6 
64 > 256 

512 >2048 
128 > 2 5 6 
64 - 256 
1 6 - 64 

128 > 2 5 6 
1 - 2 

0.5 -
2 — 
8 -

4 -
4 -

2 
8 
16 
16 
16 

0 . 5 - 2 
0.03 - 0.06 

0.0075 - 0.25 
8/4 - 32/8 
16/8-64/16 
16/8-32/16 

5(100) 
5(100) 
5(100) 
5(100) 
5(100) 
5(100) 
5(100) 
5(100) 
5(100) 
5(100) 
5(100) 

128 > 2 5 6 
32 > 2 5 6 
I 2 8 > 512 
6 4 - 128 
6 4 - 128 

I - 4 
64 - 256 

I - 2 
0.5 - 2 

2 - 8 
4 - 8 

5(100) 0 . 0 1 5 - 0 . 0 6 
5(100) 0 . 5 - 2 
5(100) 1 - 2 
5(100) 0.03 -0 .06 
5(100)0.0075 -0 .25 
5(100) 8 / 4 - 1 6 / 8 
5(100) 16 /8-32 /16 
5(100) 8 / 4 - 1 6 / 8 

8(100) 
8(100) 
8(100) 
6(75) 
8(100) 
8(100) 
8(100) 
8(100) 
8(100) 
8(100) 
8(100) 
8(100) 
8(100) 
8(100) 
8(100) 
8(100)0 . 
8(100) 
8(100) 
8(100) 

128 > 256 
32 > 256 
128 > 256 
64 - 256 
6 4 - 128 

I - 4 
6 4 - 1 2 8 

1 - 2 
0.5 - 2 

2 - 8 
4 - 1 6 

0.03 - 0.06 
0 . 5 - I 
0.5 - 2 

0.02 - 0 . 0 4 
0075 - 0 . 2 5 

8/4 - 16/8 
16/8-32/16 
8 / 4 - 1 6 / 8 

A' - Total number of isolates tested: n(%) = number (/fercentage) of isolates with MIC range. MIC range for d-tactam-u lactamase Inhibitor 
combination represents MIC w and MIC w values. 

Table 2: Comparison of a- lactamase hydrolytic activities among Shigella isolates from Lagos, Nigeria. 

Lactamase producers PEN 
Relative activity (mean + SD)% 

AMP CAR OX A CEF 

S dysenteriae 
S flexneri 
S bovdii 

16 
22 
5 

100 
100 
100 

626.2 ± 2.3 
661.3 + 4.5 
157.6+ 1.5 

51.3 
70 

5.2 

1.7 
1.3 
0.6 

135.3 + 1.2 
161.7+ 1.6 

0.5 + 0.1 

1 . 8 - 0 . 2 
5.2 + 0.3 
1.0 + 0.2 

At the s a m e e n z y m e concen t r a t ion , the IC<0s o f 
c lavulanate were 2.1 + 0 .3mM for S. dysenteriae, 2.4 + 0.2mM 
forS . Jlexneri, 1.4 + 0 .5mM for .9. boydii and 1.2 + 0.6mM for S. 
sonnei. A mean IC<0 value of 2 .5 + 0 .6mM was produced by 
the a - l ac tamase of the control strain (Table 3). 

Table 3: Comparison of IC511 among a - lactamase producing 
Shigella isolates from Lagos, Nigeria. 

ICJ(1 (mean + SD) mM 

S dysenteriae 2.1 +0.3 
S. flexneri 2.4 + 0.2 
S. boydii 1.4 + 0.5 
S. sonnei 1.2 + 0.6 
S H V - I 2.5 ± 0.6 

D i scus s ion 
Mult idrug resistance among a -lactamase producing Entero-
bacteriaceae has been demonstrated in Escherichia coli , 
Klebsiella pneumoniae [12], Salmonella spp [13] and Shi-
g e l l a isolates from several endemic countries [ 14,15J. In this 
study, the a - lactamase produc ing Shigella isolates from 
Lagos, demonstrated high level resistance to chlorampheni-

col, tetracycline, co-trimoxazole and streptomycin. This ob-
servation is in accord with our previous findings [5] in which 
a -lactamase expression was not investigated. Resistance o f 
our isolates to amoxicillin - clavulanate is similar to the report 
of Siu et al, [ 16] and Chu et al, [ 17]. Livermore [ 181 and Ahamed 
et al, [19] also attributed resistance of Enterobacteriaceae to 
a -lactam - 5 lactamase inhibitor combinat ions to acquisit ion 
of mutated TEM 1, T E M 2 and SH V - 1 genes, which are borne 
on transferable plasmids. T h e emergence oC Shigella isolates 
resistant to amoxicillin - clavulanate (i.e. augmentin) in Lagos, 
Nigeria is of great concern and might be a reflection of the 
abuse of this drug. Amoxicill in is one of the drugs used in the 
empirical t rea tment o f d ia r rhoca l re la ted d iseases , whi le 
augmentin is widely prescribed for immunocompromised and 
surgical patients [20]. Our isolates also displayed moderate 
resistance to ampicillin - sulbactam and this contradicts the 
result of Ling et a!, [21 ]. We also observed an increased resis-
tance trend to nalidixic acid, c e fu rox ime and cefotaxime. In 
1990, all the Shigella isolates were sensitive to these drugs 
[6]. About a decade later, isolates resistant to nalidixic acid 
and ce furox ime emerged [5]. The present study reveals spe-
cies dependent type of resistance to these drugs with strains 
of S. sonnei and S. boydii still showing susceptibility. Resis-
tance of Shigel lae to oxy imino and classical cephalospor ins 
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has been linked to the expression of mctallo- a -lactamase Reft 
enzymes [22] and modification of SHV - 1 and TEM - 2 en- |. 
zymes by several point mutations [23]. The increased resis-
tance of our isolates to nalidixic acid bothers much on chil- 2. 
dren health care system in the country. In the last two years, 
the drug has been switched from "back up" position to first 
line position in the treatment of pediatric shigellosis because 3. 
of high frequency of treatment failures observed with previ-
ous first line antibiotics which included ampicillin, 
trimethoprim-sulphamethoxazole and amoxicillin. 4. 
Fluoroquinolones still command a 100 percent resistance value 
but are not incorporated into children therapy owing to their 5. 
putative toxic effects. The Shigella isolates studied were also 
found to be sensitive to gentamicin, tobramycin, piperacillin, 
piperacillin-tazobactam and aztreonam. Out of these drugs, it 
is only gentamicin that has been widely reported to be ineffec- & 
tive in the treatment of shigellosis [24]. 

This study also demonstrates variation in the utiliza-
tion of a-lactam substrates by a -lactamase producing Shi- 7 
gel I a isolates from Lagos. The enzymes from S. dysenteriae, 
flexneri and sonnei hydrolyzed ampicillin 3 - 6 times greater 
than penicillin G hydrolysis. Hydrolysis of ampicillin by S. 
boydii a-lactamases and oxacillin by enzymes from S. 8. 
dysenteriae, flexneri and sonnei were comparable with that of 
benzyl penicillin G, while cephalothin was utilized poorly as a 
substrate in all the isolates. Our findings are similar to the 
work of Siu et al, [16]. However, these workers attributed the 
differential substrate utilization to the preference of Shigella 9 
flexneri strains from Hong Kong and Shanghai for OX A - I -
like - a -lactamase enzyme. Therefore, this suggests that the 
hydrolytic efficiency of Shigellae a - lactamases has a geo-
graphical and genetic influence. 

In the present study, the genetic control and pattern 10. 
of expression of the a -lactamases were not investigated. Nev-
ertheless, the poor utilization of cephalothin by our isolates' 
enzymes indicates difficulty in the cleavage of this compound j |. 
and further reflects the susceptibility of these isolates to cepha-
losporins. This seems to be at variance with the observed 
cefuroxime and cefotaxime resistance and the fact that extended 12. 
a-lactamase (ESBLs) producing enterobacteriaceae showed 
resistance to third generation cephalosporins, were suscep-
tible to cephamycins and inhibited by clavulanatc [25]. How-
ever, third generation cephalosporin-aminoglycoside were still 13. 
found efficacious in the treatment of Shigellosis and other 
diarrheas [26]. Our results on the inhibitory effects of 
clavulanatc in terms of IC^ are in line with the report of Shiu et 
al, [17]. The results further show the species dependent re-
sponse to drugs among the Shigella isolates tested. S. 14 
dysenteriae and S. flexneri seem to be more refractory than S. 
sonnei and S. boydii to Clavulanatc inhibition. 

It can be concluded that resistance to multiple drugs 
including the a-lactam antibiotics is common among a -
lactamase producing Shigella isolates in Lagos and utiliza- 15 
tion of substrates and clavulanatc inhibition of these enzymes 
is species dependent.Further investigations into the classes 
genetic control and pattern of expression of these enzymes 
need to be made. 
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