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EPIDEMIOLOGICAL FUNDAMENTALS 

Drinking water has repeatedly been observed to spread enteric diseases, 
even in recent times [1- 7). This may also apply to bottled waters, although 
there is very little convincing epidemiological evidence to suggest that thì'~ 
has already happened. Nevertheless it is wise for experts in puhlic health 
not to neglect this aspect of the bottling of minerai waters. 

Enteric diseases of various origin - salmonellosis, shigellosis and yersi
niosis - can be transmitted by water that is only very sparsely contaminated 
with the causative bacteria, even in nonnoacidic persona [2]. This contrasta 
sharply with the elevated numben of cells, i. e. the order 101, that seem to 
be required to trigger salmonellosis and most types of shigellosis when these 
bacteria are ingested with food [8]. It is, however, in accordance with the 
observation that chocolate can cause salmonellosis when only very sparsely 
contaminated, i. e. at the level of 1- 10 cfujg [9- 10]. 

This apparent contradiction has prompted us to carry out some in
vestigations on the underlying mechanism. In our experiments 99m Te 
labeled drinking water was given to healthy volunteen and its fate followed 
with a gamma camera in line with a computer. This investigation revealed 
that amounts of water up to 50 ml when taken between meal-8 passed the 
pyloric area with virtually no delay. Enteric pathogens contained therein are, 
hence, hardly exposed to the bactericidal effect of gastric juice. Thus they 
reach the duodenum in almost the same numbers as ingested and suhsequently 
may trigger the corresponding disease [11). The same phenomenon may . 
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be expected to occur when small amounts of chocolate are . eaten between 
meals. However, when enteric pathogens are absorbed with meals, intra
gastric retention times are considerable, resulting in a dramatic reduction 
in numbers of colony forming units. In the latter instance the customarily 
accepted high numbers of cells have to be absorbed to allow at least one to 
penetrate the duodenal area. Thus the infecting dose of enteric pathogens 
may indeed be very low, provided they are absorbed between meals with 
relatively limited volumes of watcr. 

This situation is aggravated in the case of bottled waters, because a 
considerable part is used by patients. In compromised hosts, obviously 
depending on the underlying disease, intragastric bactericidal mechanisms 
may be greatly impaired, to the extent that often every single organism, 
even if only potentially pathogenic, reaches the duodenal area. 

In assessing the potential role of bottled waters in terms of provoking 
enteric disease the ecologica} properties of such beverages have to be taken 
in account. The presence of carbon dioxide is the parameter of paramount 
importance. lt is quite certain that enteric bacterio will not grow under 
appreciable relative pressures of C01; they will, on the contrary, die otf 
more or less rapidly, dependent on other attributes of the water under consi
deration, such as its p H (12-13]. In« stili » waters the situation is different. 
Dependent on the types and concentrations of chemical compounds that 
can serve as nutrients for bacterio in such waters, organisms can remain via
ble for a rather long period of time [13]. And even waters, initially very poor 
in nutriente, may present a hazard. If, in such products, autotrophic, or 
only oligotrophic bacteria [14-15] develop to considerable numbers of cfu 
per mi [16-J9], secondary (« cadaveric ») growth of strictly heterotrophic 
bacteria, such as enteric pathogens may occur. The same situation may be 
observed, following nitrogen fixation [20- 22] in bottled waters. This occur
rence is obviously limited to opened containers, which may, however, often 
be stored for quite a while before being completely consumed. 

ESSENTIALS OF SANITARY QUALITY ASSURANCE 

Contrary to the belief obstinately held in some circles, adequate bacte
riological quality of bottled water cannot be assured by what is called the 
retrospective, or analytical, approach. This consista of drawing samples. 
from consignments, examining these and comparing the results obtained 
with generally accepted microbiological standards for drinking water. Such 
an approach is, first of ali, far too insensitive from the mathematical point 
ofview. In addition, results are often obtained only after the sampled consign
ment has been shipped; thus this approach has the character of a post mortem, 
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And, even when alanning lahoratory data are obtained in time, the effect ie 
often nil becauae no one concerned ie capahle of correcting a eituation in 
which poor relllllte are obtained. 

lt ie clear from theee consideratione that 888urance of bacteriological 
eafety of bottled water muat be sought by the preventive approach. Thia ie 
defined aa the laying down of, and adherence to, etrict Codee of Good Manu
facturing Practice, often referred to aa GMP. In the caae of bottled waten 
thie ree te on carefully adjuating the mode of bottling to the nutritive proper
tiea of a given minerai water. Pertinent attributee in thie context are, aa we 
have seen in the previou.e paragraph: nutrient compoeition, pH and pC01 • 

An often poeed queetion in thie connection ie: how good GMP'e will 
have to be. For example, given the nutrient compoeition and pH of a given 
« etili» minerai water, what meaeuree ehould be taken to guarantee that an 
in6niteeimally low initial level of enteric bacteria will have an ineignificant 
probahility of growth or even survival? The anewer, aa alwaye in the field 
of Health Sciencee, haa to be bued on an empirica! approach, in thie parti
cular inetance a suitahly deeigned challenge test. In such useesmentll sam
ples of the commodity are inoculated with reasonahle numben of enteric 
pathogene whose fate under praetical conditione is eubsequently followed. 
Baaed on the reeulte of euch etudiee GMP's for a given type of water can be 
developed, which, clearly have to be veri.fied by intensive sampllit8 and 
examination. 

Once thie preventive principle of eanitary quality aaeurance haa been 
adhered to it ie striking how fut previoualy marginai or even unacceptahle 
quality improvee [23-24]. In addition spreade of reeulte between subee
quent coneignmente will be eoneiderably reduced (25-26]. The latter, in turo, 

eoahlee eftì.cient monitoring to be done by third partiee. Thia appliee parti
cularly to examination for liceneing importation, or by buyen who wieh to 
compare variou.e eupplien. For the statiatical reasone outlined before, euch 
monitoring work haa an extremely low benefi.t/e:ft'ort quotient when supplien 
exert no preventive quality contro}, whereaa it ie moat effective in caaee 
where, subeequently to introduction of GMP, quality ftuctuatione between 
cooeignmente have been reduced to acceptahle levele. 

PRINCIPLES OF METHODOLOGY 

Choice of organi!ms 

Direct teste far enteropathogenic bacteria of aquatic ongm such u 
V. clwkrtU, Salnwnella typhi, Salnwnella parcuyplai, the moetly food-bome, 
other salmonellae, shigellae, enteropathogenic serotypee of E. coli and 
Yer&inio are moetly not carried out, because even under the wont conditions 
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they occur in rather low numbers. However, there is no essential expen
mental diflìculty in this sense, because almost unlimited amounts of bottled 
waters can be filtered over suitable membranes, which can subsequently be 
cultured as is done in the examination of food samples [8]. Therefore, no 
deterrent exists from the m ethodological point of view to test water for pa
thogens where this may b e required. Y et, for rout ine purposes testing for 
valid index organisms is the procedure of choice. 

The coli-aerogencs group of bacteria, known also as « coliform » bacteri a, 
are customarily used for the monitoring of water for safety, as their presence 
ahove certain levels is an indication of an unsafe initial condition, conta
mination upon bottling or combination of these defects. A significant im
provement to this time-honoured practice was suggested about 1950, inde
pendently by Seeliger [27] and Habbs [28] in Germany and Hendriksen [29] 
in Norway. This involved the use of the entirc group of the Enterobacteria
ceae [30], to which the coli-aerogenes bacteria helong, as indicator organisms. 
This change results in the following advantages: a) as tbc defìnition of the 
Enterobacteriaceae is well establishcd severe problema due to the illdefined 
taxonomy of the « coliforms » [31-32] are resolved; b) this suhst itution eli
minates the possibility of obtaining false negative results due to the presence 
of lactose-negative s trains - to which, inter alia, most pathogens belong! -
or of « sl~w » lactose fermenters as the predominant enteric contaminants. 
Hence, both the reproducibility and tbe sensitivity of testing for Enterobac
teriaceae is far b etter than that of the estimation of the coli- aerogcnes group 
and so without increased effort or required skills. 

There is a definite need to continue the good practice of testing water, 
in addition, for more robust index organisms, particularly tbe streptococci 
of the D- group of Lancefield [8]. These bacteria are certainly not exclusively 
of enteric origin - hence the need to avoid indicating them as « faecal » 

streptococci. Nevertheless their occurrence in water, and certainly in bottled 
waters which are often used for dietctic purposes (vide supra), points to con
tamination from a suspect source. In addition experience shows that their 
presence above given low levels can be easily avoided. Given their relatively 
high resista n ce to unfavourable cxternal conditions thcy are, fìnaUy, reliable 
index organisms for virai contamination of water, although, obviously, by 
no means every watcr sample containing unacceptable levels of Lancefìeld 
group D streptococci will also be contaminated e. g. with hepatitis A virus, 
or one of the newly recognized, reoviruses [33-34]. 

Whether or not to examine water routinely for other organisms such as 
E. coli and Pseudomonas aeruginosa is a matter of opinion. 

When bottled waters are found to be consistently « free » from Entero
bacteriaceae there is little need to test them, additionaUy for E. coli as this 
species is included in the Enterobacteriaceae group. However, when occasio-
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nally, low levela of Enterobacteriaceae are encountered, identifìcation of tbc 
types may be appropriate. E. coli iB tben tbe fìrst specie& to test for, wbile an 
examination for Klebsiella types is also highly recommended. Whetber or 
not consignments of bottled water containing low numbers of innocuous 
types of Enterobacteriaceae only are acceptable, is debatable. Faithful sup
porters of tbe GMP- approacb will certainly recommend systematic fìltering 
of sucb waters, prior to bottling, tbus avoiding any risk at all for the often 
compromised consumers. 

P. aerugiTWsa can thrive well even in almost pure water [35]. Hence 
testing of stili bottled waters for this organism is imperative. When suffi
cient numbers of repetitions of sucb examinations bave given consistently 
negative results, tbe frequency of further testing can be considerably redu
ced , eventually even to perbaps once every montb. 

TM need for recovery of injured cells 

Bacteria of tbe Enterobacteriaceae and Lancefìeld D streptococci groups 
are known to be inbibited by selective agents currently employed in media 
used for their enumeration, if the cella carry sublethal lesions. Such injury 
bas been demonstrated to result from beating [36-38], freezing [39-41] 
drying (42-44] and exposure to low pH [45], low temperature [46--48] and 
antimicrobial agente sucb as chlorine [49], in low concentrations. However, 
more and more evidence is obtained tbat bacteria occurring in ecospberes 
that, at fìrst sigbt, do not seem to be very hostile, e. g. fresh meats [50-51] 
milk [52] and surface water [53-58], may also carry injury in tbe sense tbat 
tbey become abnormally sensitive to inhibitors occurring in the selective 
media customarily used for their detection. It iB striking tbat even in su
spensions of recently harvested bacteria, a considerable proportion of celle 
may sbow increased sensitivity to such selective agente. This bas prompted 
the question as to wbether lesione of this type have not to be considered tbe 
rule for microbial populations rather than tbe exception. 

A t any rate nothing will ever be lost, and quite an amount of underesti
mation will be avoided by systematically applying a treatment, prior to 
enumeration in selective media, referred to as «resuscitation ». Tbe conditions 
required for sucb a repair pbase obviously depend on many factors: tbe 
treatment or agent baving caused tbe lesions, the time of exposure to sucb 
damaging infiuences, tbe condition of the cells before stressing occurred, 
and particularly also the composition of tbe selective medium to be used, 
after the resuscitation treatment, to ultimately enumerate tbe repaired cella 
[59-62]. It is obvious that in sucb repair treatments tbe situation bas to 
be avoided in whicb readily resuscitated cella and those tbat had not been 
damaged, start dividing, wbereas considerable numbers of more tardily 
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restored cells stili require more time to attain such a degree of recovery 
that they will grow in the customary selective media. It is striking that full 
recovery of most types of damaged bacteria can usually be achicved by 
exposing them to a non-selective restorativc medium for no more than 2 
hours at 20 oc, provided thc selective medium used for their subsequent 
culturing is suitablc [55, 63-66]; vide infra. 

The need for adequately standardized procedr,res 

Procedures to be applied in the microbiological monitoring of bottled 
waters have, as always, to be rigorously standardized. Where this is neglected, 
microbiological examination of any commodity in international trade be
comes impractical if not unworkable. A special aspect of this imperative 
need for codifìcation should be particularly stressed. 

lt has becn demonstrated repcatedly that many preparations of selective 
media show inhibitory properties towards non-impaired celle of the bacterial 
types for whose detection they h ave been devised [67]. This phenomenon is 
all the more vexing as different commercially available media, marketed 
under exactly the same name, and even consecutive batches of the same 
brand may vary considerably in the degree of this intrinsic toxicity. W e 
have found it quite possible to avoid such shortcomings of selective media 
by thoosing the tight types and concentrations of the most frequently in
volved medium componente, particularly indicatore, triphenyl methane dyes, 
bile, bile salts and other surface activc compounds. This incidental suhop
timal functioning of selective culture media is, clearly, to be distinguished 
from the essentisi shortcoming of most selective media vis d vis impaired cells. 

Erroneously low results which would have been obtained by the use of 
media, deficient in the former sense should be avoided by routinely evaluat
ing batches of selective media before allowing their usc in practical monitor
ing work. For this purpose the following procedure has heeo found useful [68]. 
Trial platea or tuhes are sparsely inoculated with at least two organisms, 
each of two types, viz. (a) one robust and the other more fastidious among 
the types to be detected; (b) one rather sensitive, the other more refractory, 
chosen from tbc most frequently encountered interfering organisms. The 
former two will both havc to be r ecovered easily, whereas the last of group 
(b) should in principle not show too much growth and the first strain of 
group (b) not develop at ali. 

SUGGESTION FOR A ROUTINE ANAL YTICAL PROCEDURE 

In all monitoring work the principle is that the responsible bacteriologist 
takes into account the relation betwecn analytical effort spent and informa
tion obtained therefrom. The two alternative approaches existing in the 
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tìeld of the bacteriological examination of bottled watera are membrane 
filtration and tbe Presenc«H>l'-Ahsence (P- A) approacb of Clark [69-71]. 
Botb techniques bave tbeir pro• and coM. The latter is rather voluminou.e, 
membrane filtration is stili somewhat bampered by intrinsic problema, J.ike 
the influeoce of tbe quality of the tìlter on the reliability and sensitivity 
of tbe enumeratioo procedure based on oommon, or special « M »

media [72-76]. 
lo our banda the common stem P-A technique of Clark has given most 

satisfactory results. lt oomprisee tbe following steps: 

- a resu.ecitation treatment applied to a suitable portion, but at least 
100 mi, in tM ori~nol bottù [77], to be attained by the addition of equal 
volumes of dooble strength buft'ered giocose tryptooe soya peptone (c tryp
tone soya ») broth, and incubation for 2 bo111'8 at appro:ximately 20 OC; 

- one single eorichment procedure of tbe resu.ecitated aliquots, vi•. 
io MacConkey purple (MCP) broth, added as an equal volume of dooble 
streogtb broth, sobsequently incobated at 30 o c; 

- passing samples not leading to turbidity upon incobation for 18 to 
24 bours; 

- subculturing turbid enricbment culturee onto platee of (o) violet 
red bile glucose (VRBG) agar [30] for the isolation of Em.rohacferi4uoe; (6) 
kanamycin aesculin azide (KAA) - agar [78] for the isolation of Lancefield 
group D streptococci. 

This basic procedure, though in itself quite adequate, can - ju.et like 
the modem automobile - be extended to ali degrees of sophistication. 
A few examplee may illuatrate this. 

When E. coli is to be sougbt, positive enrichment culturea in MCP are 
streaked onto alante of McConkey nr. 3 agar and incobated at 44 ± 0.1 OC. 
If coloniee witb typical purple haloe are. obtained within 18 to 24 boura, 
this is quite reliable presumptive evidence for E. coli. Full identification 
can be achieved by testing colonies in MacKenzie, Taylor and Gilbert's 
modifìcatiou of Eijkman'e test (formation of indole and fermentation of 
lactose in tbe preeence of bile salte and brilliant green at 44 OC), combined 
with aseeument of absence of citrate assimilation on Simmons' agar and a 
negative oxidase reaction (79]. 

Where it may be required to differentiate between colonies of Entero
~riaceae and tbose of Aeromonadaceae, vibrios and non fermentative Gram 
negative rod shaped bacteria, isolate& obtained on VRBG sbowing a distinct 
purple baio should be examined in Gram negative diagnostic tobes. Theee 
consist of an approximately 2 cm bottom layer of VRBG, a barrier layer 
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of 2 cm water agar and a 2 cm layer of SIM- agar with 0.5 % NaCl added. 
Sucb tubes allow (a) determination of the mode of attack on glucose, to b e 
assessed from tbc bottom layer; (b) tbc oxidase reaction to be carried out 
with tbc biomass obtained from the top laycr; (c) reading of motility and 
H 2S formation and assessment of indole formation [80]. 

Rathcr easy detection of P. aeruginosa is possiLle by streaking positive 
MCP enricbmcnt cultures onto slants of King et al's agar witb 100 mcgfml 
of nitrofurantoin added and incubating these at 42 oc [81). Any growth 
obtained presents strong evidence for the prcsence of P . aeruginosa. Full 
identifìcation requires (a) stabbing into Gram negative tubes (vide supra), 
allowing determination of motility, oxidase reaction and absence of anaer
obic attack on 'glucose; (b) stabbing into plain VRBG tubes to assess oxidative 
attack on glucose; and (c) streaking onto glycerol mannitol acetamide cetri
mide (GMAC) agar slants, wbich, w ben incubated a t 42 oC, will turn cberry 
red in case of P. aeruginosa [81). 

It goes without saying that these more complicated isolation and iden
tifìcation tecbniques are not required and quality assessment b ecomes very 
simple when consistently negative results are obtained upon enricbmcnt 
in MCP. It is an ironie coincidence of microbiological mooitoring of 
bottled waters tbat bere, too, crimes against GMP do not pay, becaus(' 
of tbc expensive aftermaths when organisms, baving no placc tbere, are 
yet detected. 

The author is greatly indebted to H. Y. O~ i, M. D., H. dc Vor, M. Se., .Mrs. I. 
Eelderink, n. .Med. L. T. nnd F. Ory, :M. D. for their valuable contributions to the expc
r imentnl part of this pupcr. 

Summary. - Bottled « stili » waters may present bacterial and virai 
risks, particularly for compromiscd consumers and when stored for some 
lengtb of time in opened containers. Therefore, bottling bas to be supervised 
carefully and any sanitary deficiencies discovered, eorrected immediately. 
Wben plants are thus controlled by a preventive system, bacteriological 
examin ation of samples will be warranted , whcreas this is senseless, for 
mathematical reasons, in non-supervi~ed hottling plants. 

A dircct searcb for enteric pathogens is discouraged. lnstead, detcction 
of tbc entire Enterobacteriaceae group, P. aeruginosa and Lancefìcld group D 
streptococci, is advocated. Defìcicncies of customarily u scd methods of de
t ection of the coli-aerogenes group of bacteria are outlined . Tbc need for 
resuscitation of cells of bactcrial groups used as index organisms, dehilitatcd 
by storage in hottled waters, hefore tbeir inoculation into currently employed 
selective media is demonstratcd. 
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For routine purpoees the following procedure ie reeommended: 

- opening of the eontainers under aeeptie eonditions, leaving at least 
100 ml of the contente in the originai bottle or can; 

- addition of an equal volume of doubl~trength tryptone soya peptone 
broth ; 

- allowing this mixture to stand in the laboratory for two hours, to 
restore sublethally injured celle; 

- addition of an equal volume of double-strength MaeConkey purple 
broth; 

- ovemight incubation at 30 oc. 
No growth of bacteria shQuld occur in this test. When growth is never

theless observed, the enrichment Buid should be examined for the presence 
of Enterobacteriauae (and, if present, particularly for E. coli), P . aeruginosa 
and Lancefield's group D streptococci. Media and methods that have been 
found useful for these purposes are described. 

Résumé (La signification et la détection des taxogroupes et des écogroupe11 
de bactéries, utilisé11 com~TU indicateur11 de la contaminasion entérique du eaux 
plaus présentées en bouteilles). - Les eaux «platee » en bouteilles peuvent 
présenter des risques du point de vue bactériologique et virologique, en par
ticulier pour les coneommateurs sensibles et après stockage en flacon ouvert. 
C'est pourquoi leur mise en bouteille doit etre soigneusement controlée et 
les éventuelles déficiencee sanitaires doivent etre corrigées sans délai. 

Lorsque les entreprises sont ainsi controlées de manière préventive, 
l'examen bactériologique des échantillone est utile, alors que ceci est insensé 
si la mise en bouteille n'est pae surveillée, pour dee raisons mathématiquee. 

La recherche directe des Enterobacteriaceae pathogènes n 'est pae 
recommandée. Il est conseillé d'effectuer plutot les controles hactériologiques 
suivants: a) le groupe des Enterobacteriaceae; b) P. aeruginosa ; c) les strepto
coques du groupe D de Lancefield. Les déficiences des méthodes usuelles pour 
la détection dee « coliformee » sont démontrées. La uécessité impérieuse 
d'effectuer une revivification préalable des cellules lesées par un SeJour 
dans les eaux minérales des organismes témoins, avant leur culture sur les 
milieux sélectifs usuels est soulignée. 

Pour l'examen de routine le mode opératoire suivant est recommandé: 

- ouvrir les houteilles sous asepsie stricte, laissant un volume d'au 
moins 100 ml dans les Bacone; 

- ajouter un volume égale de milieu de revivification à double concen
tration, p . ex. le bouillon tryptone soya; 
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laisscr rcposer pendant 2 hcurs à la températurc ambianti.' , a6n de 
restaurer les cellules lésécs; 

- ajouter un volume égal de « MacConkey purple broth » (houillon lac
tosé aux sels biliaires et pourpre de bromocrésol) à douhle concentration; 

- incuhation à 30 oc pendant 18-24 heures. 

Aucune croissancc hactérienne ne doit etre observée dans ces conditions. 
Daos le cas contraire, il est nécessaire de rechercher, daos les culturcs d'eori
chissemeot, la présence des groupes de hactéries suivants: Enterobacteriaceae. 
E. coli, P. aeruginosa et streptococques du groupe D. Les modes opératoires 
pour cette recherche soot récommandés. 
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