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Summary 

The bactericidal activity of hydrochloric acid 
(MCI) on different intestinal bacteria was 
evaluated at various p! I values and time inter-
vals. The effect of HC1 was highest at pi I 2 
and pH 3 on strains of Campylobacter jejuni, 
Aeromonas hydrophila, Plesiomotias shigel-
loses % Yersinia enterocolitica, Salmonella spp. 
and Shigella spp . , producing complete killing 
after 60 mill incubat ion. However , at higher 
pH values (pi I 4 and above) , these organisms 
not only survived but they also showed evi-
dence of rapid multiplication. In contrast , 
clinical and s tandard strains of Escherichia coli 
and Staphylococcus aureus were resistant to all 
the pi I values. Highest sensitivity to I ICl was 
observed with strains of Shigella spp. and 
Salmonella spp. It is conceivable that patients 
with normal gastric acidity should not suffer 
from gastroenteri t is caused by these intestinal 
pathogens. 

Resume 

Les activites bactericidales de I'acide hydro-
chlorique (MCI) sur les ba t te r ies intestinales 
etaient evalues au different pM et temps. 
L'cffet de MCI etait plus eleve a pM 2 et pM 3 
sur les souches de Campylobacter jejuni, Aero-
monas hydrophila, Plesiomonas shigelloses. 
Yersinia enterocolitica et les especes de Salmo-
nella et Shigella, tuant comple tement apres 
60 min d ' incubat ion. C c p e n d a n t , aux p l l plus 
eleves (pM 4 et plus), ces organismes n 'ont pas 
sculemcnt survive, mais ils ont aussi montrd 
une evidence de multiplication rapide. En 
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contraste, les souches standardes et cliniqucs 
d*Escherichia coli et Staphylococcus aureus 
etaient rcsistantes h tons les valeurs de pH. La 
plus graiule sensitivity i\ MCI <5tait observdc 
avec les souches et especes de Shigella et 
Salmonella. C'est concevable que les patients 
avec une acidite gastrique normale ne souf-
friraient pas de gas t roenter ic cause par ces 
pathogencs intestinales. 

Introduction 

Intestinal infections due to bacteria remain a 
major problem in both developing j n d 
developed countries. According to the W H O 
there is a high incidence of gastroenteritis 
amongst infants, particularly in the developing 
countries. Among the bacteria incriminated in 
diarrhoea are Escherichia coli, Vibrio cholerae. 
Shigella spp. and Salmonella spp. Recently, 
Campylobacter jejuni, Yersinia enterocolitica 
and Aeromonas hydrophila have been reported 
as prominent agents of gastrointestinal dis-
orders 11-3). 

So far in all diarrhoeal cases associated with 
these organisms, there is evidence that patients 
with reduced acid secretion suffered more than 
those with normal acid level (4-6), particularly 
amongst patients who have undergone gastric 
surgery, suffered from hormonal dysfunction, 
or are taking ulcer healing drugs like cimetidine 
or antacid |7 | . 

The fact that subjects with normal acid 
secretion continue to suffer from diarrhoea has 
made some investigators question the role of 
hydrochloric acid (MCI) as a bactericidal factor 
in gastric juice. Factors such as mucosal tissue 
integrity, intestinal motility, gastric emptying. 
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Fig. I. The cffcct of HCI on the viable count of (a) E. coli, (b) cnteropathogcnic E. coli, (c) entcroinvasivc E 
ro/zand (d) enterotoxigenic E. coli at different pll values: (O) pM 2, ( • ) pi I 3. (A) pi I 4. (x) pH 5. ( • ) pH 6. 
(T) pll 7.3. 

However, E I E C and E T E C were found to be 
susceptible at pH 2 only after 20 min exposure 
(sec Fig. lc and d). 

Effect of acidity on Shigella spp. 

The typical effect of I1CI on the viable count of 
the Shigella spp. is demonstrated by its effect on 
S. dysenteriae as shown in Fig. 2. The four 
species of Shigella, i.e. S. sonnei, S. boydii, S. 
flexneri and S. dysenteriae, were readily killed 
at all the pl l values tested by the end of 50 min 
incubation. There was. however, slight varia-
tion in the time of killing. For instance, at pi I 2 
and 3 no Shigella species survived after 20 min. 

At pH 4 it took longer contact time (40 min) to 
kill the Shigella spp. 

Effect of acidity on C. jejuni 

Figure 3 demonstrates the effect of 11CI on C. 
jejuni. By far the most susceptible of all the 
pathogens with regard to contact time before 
killing at very low pl l was C. jejuni, which was 
completely inhibited at pl l 2 and 3 within 10 
min of incubation. I lowever, at pi 1 4 there was 
only a slight reduction in the viable count from 
2.4 x l()7 to 5.0 x 10" c.f.u./ml at 30 min 
contact time. Thereafter, a steady increase in 
count for another 40 min was noted. Above pH 
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consistency of ingested food , type of food , i.e. 
carbohydrate , protein or fat , or na ture of food , 
i.e. solid or liquid, also appear to de te rmine the 
fate of a bacterium in the s tomach [8-10). T h e 
contact time between a bacter ium and IICI is 
important in determining the bactericidal effect 
of MCI [ 111. None of these studies actually 
determined the contact t ime for each bac-
terium. This study was carried out to de te rmine 
the contact time for the bactericidal action of 
HC1 on different bacterial pa thogens at dif-
ferent pH values and the general effect of H Q 
on these pathogens. 

Materials and methods 

Organisms 

The following bacterial strains were used in this 
study: enteroinvasive E. coli ( E I E C ) ; en te ro-
pathogcnic E. coli ( E P E C ) : enterotoxigenic E. 
coh ( E T E C ) : a s tandard E. coli strain ( A T C C 
2>922/F50); Shigella flexneri; S. boydii; S. 

. uteriue; £.-id S. sonnei. O the r s were A. 
ruph'ln (strain 65), P. shigelloides (strain 
M. V enter ocolitica (strain Y03), C. jejuni 

( °), Staphylococcus aureus (strain 
:>923/F9), Salmonella typhi and 

l h v,>p. (untyped strain) , all kindly 
u l by Profes-^or Tolu Odugbemi of the 

Department of Medical Microbiology and Para-
sitology. College of Medicine, University of 
Lagos. 

Media 

The following media were used throughout the 
experiments: MaeConkey agar (Oxoid : Basing-
stoke, U.K. ) , Butzler 's type medium 112). 
blood agar (blood agar base , Oxo id ; and 
7% human blood) and Muel ler- I Iinton bro th 
(Oxoid). 

Preparation of acid broth 

Mueller-I Iinton broths (Oxoid) , ad jus ted to 
pi I 2, 3, 4, 5 and 6 with 0.2 M IICI, were 
prepared and labelled in universal bott les; the 
pH values were ascertained using a pi I me te r 
(model 7; Corning Medical , Sudbury , U . K . ) . 

T h e acid broth was then dispensed in 9-ml 
amoun t s into appropriately labelled half-ounce 
bott les and sterilized at 15 lb/in2 and 121°C for 
15 min. Muellcr-I Iinton broth, pi I 7.3, was 
included as a control . 

Standardization of bacterial inoculum 

Overnight broth culture of test strain was 
di luted in 0.25-strcngth Ringers solution to give 
approximate ly 10 s c . f .u. (colony-forming 
units)/ml by ad jus tmen t to no. 2 MacFarland 
opacity s t andard . This was the standard inocu-
lum used to inoculate each acid and control 
broth in the exper iments . 

Inhibitory test of the acid broth at different pH 

O n e millilitre of the s tandardized bacterial 
suspension was inoculated into 9 ml of Muel le r -
Hin ton broth at pi I values of 2, 3, 4, 5, 6 and 
7.3 (control) conta ined in universal bottles 
which were labelled 0, 10, 20, 30, 40, 50. 60, 
and 70 min for each pi I value. These were then 
incubated as appropr ia te at 37°C. At the end of 
each incubation period viable counts were 
p e r f o r m e d for each test organism by the 
modif ied me thod of Miles and Misra [13]. The 
viable count was expressed as c.f.u./ml. The 
inhibitory action of IICI in broth at different pH 
values was demons t ra ted graphically by plotting 
logm viable count against incubation time. 

Results 

Effect of acidity on E. coli 

As demons t ra t ed in Fig. la, there was no 
apprec iable inhibitory effect of acid pH 
(pi I 2-5) on the E. coli strain (ATCC 25922/ 
F50) tested f rom 0 to 70 min. Af ter an initial 
slight decrease in bacterial count in the first 30 
min, particularly in p l l 2 and 3, the organism 
then multiplied. Similar effects of the various 
pi I values were observed with the EPEC. 
E T E C and El EC strains as shown in Fig. Ib-d. 
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Fig. 5. The effect of HCI on the viable count of 
Salmonella typhi at different pll values: (O) pll 2. 
( • ) pll 3. (A) pll 4. (x ) p | | 5. ( • ) pll ft. ( • ) pll 
7.3. 

then there has been no investigation on the 
direct effect of IICI on a variety of intestinal 
pathogens like the ones investigated in this 
report. 

In this study, two observations came out 
quite clearly. First, the activity of the HCI is 
pll dependent , and secondly, it is also de-
pendent on the genus of the micro-organism 
being tested. For instance, most of the bacteria 
that were sensitive to the HCI died at low pH 
values, especially pi I 2. Fur thermore , while the 
four species of Shigella were very sensitive to 
the HCI at all the pH values tested (pH 2-6) , 
the four different strains of E. coli tested were 
uniformly relatively resistant to the action of 
HCI at all the pi I values used. 

It is remarkable that the Shigella spp. showed 
high susceptibility to the low p l l s attainable in 
gastric juice and yet they remain a common 
cause of diarrhoeal diseases in adults and 
children. This apparent paradox may be ex-
plained by the fact that only 10 shigellae 
bacteria are required to initiate the disease 
process [15). So the few which survive in the 
gastric acidity of the stomach can cause 
infection upon reaching the small intestine 
where the pH is favourable for growth. 

The relative resistance of A. hydrophila, C. 
jejuni, Salmonella spp. and P. shigelloides to 
I ICI as the pi I of the medium increased towards 
neutral p l l , explains in part the higher suscept-

ibility of patients with achlorhydric stomach to 
bacterial infections than those with normal acid 
stomach. This assertion has been confirmed by 
earlier reports [4,5] which claimed that patients 
who have gastric resection with subsequent 
increase in gastric pi I were more susceptible to 
Salmonella enteritis. The general observation in 
the present study was that at low pi I (pH 2 and 
3) fewer bacteria survived after 60 min of 
contact. This would appear to be in agreement 
with the report of Knott [ l l | who referred to 
the stomach as a germicidal barrier under 
conditions of prolonged high acidity. 

There was an interesting observation with C. 
jejuni, strain 99, at pi I 4 in this study. Initially 
the viable count of C\ jejuni at pi I 4 dropped for 
the first 30 min; thereafter an increase in the 
viable count at 70 min was observed. The 
explanation for this is not very clear. It is 
possible that the organism became selectively 
resistant to acidity, although this suggestion is 
highly speculative at this time. It is conceivable 
that this acid resistance may be an important 
factor in the pathogenesis of C. jejuni as ma> 
also be the case with EPEC, EIHC, E I E C . 
Staph, aureus and Y. enterocolit.ca. 

In a study, which to date is the in«>»t cited 
reference in the literature concerning g ^ t n c 
acidity and bacteria. Giannella et j f . (14j 
reported that 99.9% of S. paratyphi, S. enteri 
tidis, S. typhimurium, Serratia marcescens and 
E. coli were killed in 30 min below pH 4 The 
result obtained in the present study with Sal-
monella spp., A. hydrophila, C. jejuni, Shigella 
spp. and P. shigelloides, is in agreement with 
this observation. However, we found the E. coli 
strains (EPEC, EIEC, ETEC and standard 
strains) to be relatively more resistant to acidity 
at the same pH values. 
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Fig. 2. The effeel of HCI on the viable count of 
Shigella dysenteriae at different pi I values: (O) pH 2. 
( • ) pH 3. (A) pll 4, (x) pH 5. ( • ) pH 6, ( T ) pM 
7.3. 
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Fig. 4. The effect of IIC1 on the viable count of Staph, 
aureus at different pH values: (O) pH 2. ( • ) pM 3. 
(A) pH 4. ( x ) pH 5. ( • ) pH 6. ( • ) pll 7.3. 

Time (mm) 

Fij». 3. The effect of HCI on the viable count ol 
Campylobacter jejuni at different [ill values: (O) pll 
2. ( • ) pll 3, (A) pll 4, ( x ) p | | 5. ( • ) pll ft. ( • ) pll 
7.3. 

4. no appreciable inhibitory effect of pi I on the 
organism was observed. 

Effect of acidity on other pathogens 

Staph, aureus (strain 25923/F9) behaved simi-
larly to the wild strain of E. coli, surviving at all 
the values of pi I tested (Fig. 4), a l though there 

was a reduct ion in the viable count from 3.1 x 
1()7 to 1.1 x K)6 c . f .u . /ml af ter 30 min contact 
t ime with an acid pi I (pi I 2). The organism 
divided rapidly the rea f te r , attaining a count of 
7.6 x I()'* c .f .u . /ml at the end of the experi-
mental t ime. i.e. 70 min. 

Y. enterocolitica (data not shown in the 
tables) was killed at p l l 2 in 50 min. At higher 
pH values, particularly pi I 3 and 4. there was a 
decreased count of 1 x 10* c.f .u./ml at 70 min 
incubat ion but it was never completely killed. 

Both A. hydrophila and P. shigelloides were 
killed at pi I 2 and 3 af te r 40 min, at pi I 4 after 
50 min, and at pi I 5 and 6 af te r 60 and 70 min. 
respectively. 

Salmonella spp. and S. typhi behaved alike in 
the very acid condit ions. They were both 
killed at pi I 2 a f t e r 20 min and pi I 3 at 30 min 
contact t ime. At pi I 4 and above, S. typhi was 
general ly resistant, as shown in Fig. 5. Mow-
ever , at these pi Is the Salmonella spp. showed 
m a r k e d reduction in count but it was not 
complete ly el iminated af ter 70 min. 

Discussion 

In an in-vitro study by Ciiannella et al. (14). it 
was repor ted that the bactericidal barrier of 
gastric juice was primarily pi I dependent . They 
also conf i rmed that MC I is responsible for the 
acidity in the gastric juice of the stomach. Since 
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