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a major cause of childhood and traveler's diarrhea in 
Abstrlet-Rotaviruses have been implicated as 

a vehicle or transmission of other enteric viruses, we 
develop ng countries. Since water is known to be 

sought to determine if water could play a role in the transmission or rotavirus inrections in a developing 

nation by applying recently developed techniques ror the concentration or viruses from tapater and 
initial survey during the rainy 

orenvironmental (lake, river, ocean and aqueduct) water in Mexico. In an 

eason inl August 1978, rotavirus was detect.d in 10 of 10 drinking water samples and coxsackie B4 

B6 virus in 5,of 10. In a larger survey during the dry season in December 1979, rota'irus was recovered 

front 3and enteric viruses from 8or 21 drinking water samples. Water quality data, available for the 1979 

survey, indicated that while many tapwater samples did not meet U.S. coliorm standards, some samples 

containing infectious virus did. Our data suggestthat current bacteriological water quality standards for 
,d"o not reflect viral contamination.waterpo';-,tl 


drinking water, water treatment, enteroviruses, coliforms, standards 
.
Key w ,.d..rotavirus 

INTRODUCTION
idence of rotavirus infection is frequently found 

among travelers to developing countries (Bolivar et 

1978; Keswick et al., 1982). the epidemiology of
c1,a 


rotavirus infections is incompletely under-human has been
lood, but person-to-person transmission 

showing intrafamily spread
implicated by studies 

1977; Wenman et al., 1979)., Among
(Kim etal., there isiravelers, spread from infants, with whom 

Fneralylittle contact, seems unlikely. Transmission 
ifecti n entero-
food, which has been 


not been1980: Tjoa et al., 1977) has(Foster e al., 
or not found to be epidemiologically"nlamied 

linked, Excretion of large amounts o rotavirus in the 

feces of infected individuals and its consequent pres-

the concentration and detection of viruses from large 
volumes or water to the investigation of the presence 

drinking and environmental water 
or rotavirtis in 
(Smith and Gerba, 1982; Gerba et al., 1978). 

Several investigators have reported the isolation or 

enteroviruses in drinking water, and coxsackie virus 

B has been recovered from environmental water at 

the timeIaof an outbreak (World Health Organization, 

1979; Hejkal e a!., 1982). Waterborne outbreaks of 

gastroenteritis implicating rotavirus or Norwalk-like 
1982), but
 

agents have been described (Kapl n et la, 


drinking water has not been previously reported. This 

report describes the detection or rotavirus and entero

viruses in drinking and environmental invater 

on water quality.Mexico along with data 

"Cne in sewage indicate that this virtis may also be 
MATEIRIAI.S ANt MET11ODS 

1982). The presentGerba,:aterborie (Smith and 
IVter samplesStudy was tindertaken to determine irwater may serve 

Ten drinking water samples front sites throughout the city 
vehicle forrotaIvirts.Because dis-ransmision 	 canal supplying thea 	 tile 

ease expression in adults is freqtently mild or asyrlol,-	 ofGtidlajara and one stmple Ironi 

city water treatment plant were collected in August, 1978. 
otable, 	 1979, 21

tomatic and the concentration of virutses i 	
all samples was 201. In December

The volume or 
r iresolt poutite drinking water samples were collected fromt sites throughot

be. low,o epidemilogic stuese toWtateris e t\pcct ocen 

Would hatve required too ntly subjects to be prac-
eI al, 1978).

lihal fori pieliminary studyN (Mel~nick 
C'1IC teChliqjtie frl1lltleid we applied rcenlyN 

i.part by a con6tract Al-I266sS.....O.t.
. USt of
735 rroum The National lnitilulesand 	 itat 30-I 

I eilthI. Itlehsda. NID. U.S..\, 

the cities or Guadalajar. Chapala, surroutndiig towns, and 

Puerto \'allarta along with six enivironnmettitl samlples inl

water supply sotirce. Seven samples were
eluding one 'city's 	 at the waterafter 	 each treatentnt stagealso collected nes of allplant 	in Guadalajara. Again. the vol, 

two were 01. Concentrates 
treatment wer 	 frozen,
silples except 	 .

-71) C un til ast,:VCdind stored attranspoted on dry ice 
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/%Itle lile sM ileswere collected in 1979, portions were Samples (0.5 ll) for enterovirus detection Were
-assaiyed*: r-fir-ce:-and to: ;tIlchlorine usl g a Ilfeli-chl16fiie on";iM (lBufit.o Green Mi3 cells n e reass " ..Test Kit (Anes, IA) Portions \were assayed for lotl and _.
for 10ldays For plaques or cytopahic (CPE)_ AllCnedd,,;,e'cal coliforms according- to standard methods using the positive culturs and picked pltqutes were1 ,All nc'tncmhbranec lilter-technique (APUIA, 1980). Turbidity Was BOM ells. Isolates w'\ere then identifted b n cdcterniincd on samples transported on ice back to the wihLMleys-cnikposo rsnutralilah ,United States using a tlurbidimeter (Model 2100A, Ilach sera (Melnick elat., 1973). -rtng ar.

Chemical Co., Ames. IA). 

Concentrationntehwlods 
Residual free chlorine in the 20-1. drinking water samples


was neutralized at the time of collection by the addition of 
 RESUTS

1l6uil of a I% solution of sodium thiosulfate. The pH \was
 
adjusted to 3.5 with I N lCi, and aluminum chloride Drinking water isolates August 1978 
(AICI,) was added to a final concentration of 0.0005M Table I shows the results obtained during tb(Gerba eta, 1978). The samp!e was tOn passed through initial sampling during the rainy season. All I.a3 and 0.45 pm nominal pore size fiberglass-epoxy and
melamine impregnated 142 nm diameter disc filter (Duo- drinking water samples contained infectious rotairuFine Series, Filterite, Timonium, MD) in series, The ad. as did the water from the canal supplying the treat,sorbed virus ws eluted for 2min with 50 ml of 0.05 M ment plant. The number of foci per 20 I. was Cal,glycine-NaOH at pH 10.0 containing 10% tryptose phos. Lted from the number of foci in 0.4 ml of the tophate broth (Difco, Detroit, MD. Samples were then neu- 0I! :tralized by the addition of I N -ICI and frozen. Prior to 1.5 ml volume, of the concentrate. A concntratio
assay cluents were further concentrated either by hydro- efficiency of approx.,50% for SA-"l I isobtained ,Itextraction using PEG (polyethylene glycol) or by ultra- the methodology we employed but the data are no:centrifugation to a final volume of 1.5 ml each (Gerba elal., corrected for this factor (Gerba et al., 1978). T,4
1978) deteci iosamples 

containing rotavirus were subjected to neu.Samles .0.4 
 m orr rstralization studies using anti-SA-ll anti-sera ar,Samples (0.25-0.4 nil) for rotavirus detection were plated human pre-illness and convalescent anti-rotairu .on a continuous line of fetal rhesus monkey kidney cells serum (Smith and Gerba, 1982). Both isolatesAr ,
(MA-104) grown to confluence on 15 mm circular coverslips
in 16mm tissue culture wells, 24wells/plate. Pancreatin neutralized only by the huian convalescent scr(0.03 ml) of a 1:60 dilution from stock, (Gibco, Grand Five drinking water samples contained coxsacki.Island NY) was added and the tissue culture plates were viruses B4, B5 or B6 and the canal water containe:,centrifuged at 200g for I h at 23'C (IECUV). The samples coxsackie viruses B4 and B6. 
were removed, the monolayers washed with saline, and
incubated for 48 hat 370C. At the cd of 48 h, the coverslips Drinking water isolates December 1979 
were removed, fixed for 10 min in 20"C ethanol and stored
for assay by indirect immunofluorescence. Uninfected con- Table 2 shows the results of rotavirus and entero.trol coverslips were interspersed in wells between the sam- virus detection in drinking water along with waterpies, and no positive controls (SA- I!or human rotavirus) quality data. Three of 21 drinking water samples

ie 
were assayed on plates containing environmental samples in contaied infectious rotavirus wh"l 8 c t p morder to avoid the possibility of cross contamination. Anti- cotie ifcou rtvu while 8 contaiedai serum raised in guinea pigs against SA-l I was shown to be teroviruses. The frequency of isolation of rotaviruszspecific by neutralization and indirect immunofluorescence was higher during the rainy season (100%) than thetechniques (Estes etal., 1979). Reactivity was checked with dry season (14%). Rotavirus was not found in an) C!reovirus types 1-3, poliovirus type I, echovirus type I or 7 environmental samples, 5 of which contained en.
coxsackievirus B4 and B6. All reactivity for the commercially obtained FITC-conjugated rabbit anti-guinea pig lgG teroviruses. Two samples were negative for both(Microbiological Associates, Bethesda, MD) to SA-I I infec- entero- and rotaviruses. Insufficient quantities ofted MA-104 cells was completely removed by absorption samples containing rotavirus remained to undertake
with mouse liver powder and SA-l I infected cells. The entire neutralization studies.coverslip from samples and c6ntrols was scanned using t In additio to the studies of environmental andZeiss Universal fluorescent microscope and the number of di inwa te virnetan atd
brightly staining cells were counted. No fluorescent foci drinking waters, virus removal by standard water 
were found on uninfected control eoverslips, treatment also studied (Table 3). A total of 7was 

Table 1.Virus Isolat-on from drinking water during the rainy season, August 1978 
Rolavirus Entcrovirus/20 t.

Site Source I.F. oci/20 1.Plaques CPE Isolate 
I Drinking water, tap 105 0 
2 Drinking water, lap 180 0 + Coxsackie B 4 
3 Drinking water, tap 68 0 
4 Drinking water, tap 26 0 
5 Drinking watcr, tap 112 20 + Coxsackic B56 Drinking water, tap 112 0 
7 Drinking water, tap 210 0 

-

+ Coxsackie B6 
8 Drinking water, tap 160 0 + Coxsackie B6
9 Drinking water, tap 37 0 
10 Drinking water, final 



effluent treatment plant 16 27 + Coxsackie B6
' It Environmental, canal
 

pre-trcatment 
 83 It + Coxsackie 114.B6 
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samples were collected after each major treatment 
stage (clarification, filtration and chlorination) at a 
9m3 s-1.205 mgd) water treatment plant. No samples 
were positive for rotavirus, however, coxsackie virus 
B3 was detected in the raw water, in one sample after 
sand filtration and in one chlorinated finished water 
sample, 

Of the dry season water samples containing vi-
ruses, only 2 met currently recommended chlorine 
levels (Federal Register, 1975) (residual chlorine 
0.2 nig Il) (Table 2). One of these samples contained 
I coliform per 100 ml. A total of I I of 21 drinking 
water samples exceeded coliform standards, 8 con-
tained viruscs. Significantly, 3 samples in which no 
coliform bacteria were detected were found to be 
positive for virus. Only the two finished water 
samples at the water treatraent plant (Table 3) and 
one other (Table 2)met both coliform "standardsand 
chlorine recommendations and one of these samples 
was found to be positive for virus, 

Rotaviruses were found in one sample (Table 2) 
meeting bacteriological standards, however, this sam-
pIe was from an unchi6'inated well. High numbers of 
rotavirus were detected in one sample (Table 2)which 
contained free and total residual chlorine and only I 
total coliform per 100 ml. The enterovirus virus pos-
itive finished water sample (Table 3) which met both 
bacteriological and chlorine standards, but not tur-
bidity standards, was negative for rotavirus. Over all, 
enteric viruses were detected in 3 samples meeting 
coliform standards, one meeting the chlorine recom-
mendations and in the one sample meeting both. 

IAll but two drinking water samples met U.S. 
turbidity standards of one or less turbidity units 
(Fedleral Register, 1975). 

DISCUSSION 

Recently, methods to detect rotavirus and entero-
visuses inpotable and environmental water have been 
developed, Using these methods, enteric viruses have 
been isolated,. from seawater, groundwater, well 
water, treated sewage and tapwater, while rotavirus 
has been recovered from sewage (Gerba el al., 1978). 
Such studies have occasionally shown that current 
bacteriological standards of water quality do not 
indicate the presence of pathogenic viruses. This 

study represents the first report or the recovery of 
rotavirus from drinking water. Neutralization studies 
oil two isolates strongly suggest that they are, or are 
very closely related to, human rotavirus. The pres-
ence of enteroviruses in drinking water has been 
reported friom1several countries and our findings 
extend those reporis (World Iealth Organization. 
1979). the results also suggest that a possible source 
of' travelers' diarrhea in developi ng niatiois is drink-

variation. For example, water quality is known to 'I,\rn' ext 
influence the presence of viruses in water (World 'niental 
Health Organization, 1979). Unfortunately, water . Our 
quality data was not obtained on the initial samples, of wat 
so direct comparison of the two studies by these human 
criteria is not possible, however, follow ur. studies mum i1 
have indicated that the rainy season isassocit ted with gastrot 
a dramatic deL,- :,se of raw water quah'.ydue to the to drt 
large amounts ofsedii,.'it produced by storm runoff, hazari 
Tile rainy season, which in somen reas correlates with water 
an increased incidence of gastroenteritis, extends into breaks 
August in the study area while Decen.ber is a "dry" eliolot. 
month. However, seasonal variation in rotavirus Zarno 
infection is much less pronounced in temperate areas more,, 
than in the northern latitudes where is is predomi- viruse 
nantly a winter viral infection. In contrast, increased hunma 
numbers of rotavirus infections in other areas have toryi 
been associated with dry season periods of low Healt 
relative humidity (Paul and Erinle, 1982). Further Hejki' 
research into the epidemiology of rotavirus infection life-ti 
is needed to clarify the relationship of water, climate able I 
and population factors such as crowding to trans- hazaii 
mission. In addition to water quality and seasonal rotaM 
factors, variations in techniques between studies also confi 
may have resulted in lower recovery rates, The traiisi 
samples in the first study were finally concentrated by virus 
hydroextraction while those in the second study were suggi 
finally concentrated by ultracentrifugation. The"rela- treat I 
tive efliciencies of these two methods for human 
rotavirus is under study. Ackno 

The source of rota.iruses and enteroviruses in of thtu 
ayAlcd

environmental'and tap waterin theareas we studied for' tit
 
is not precisely known, however opportunity exists Nan(~
 
for human sewage contamination or the environ- and
 
mental water sources in one of the areas studied from
 
a large unsewered population upstream of the water
 
treatment plant. We found enteroviruses in the lake
 
supplying the city water, as well as in the canal API.
 

carrying water to the treatment plant (Tables I, 2and
 
3). Our preliminary data suggest that enteroviruses I Bol
 
can penetrate and survive through a modern, well BDol
 
functioning water treatment plant (locculation, sand ill
 
filtration and chlorination) and that viruses call be la
 

recovered from water that ,has acceptable btc- Es
 
teriological and chlorine levels (U.S. EPA, 1975)
 
colifornis 0/100 il and free chlorine 0.2 mg I-, The
 
high turbidity of the water supply indicates Fo,

significant amounts of suspended solis which n'
 

render routine purification processes inelkective Js L
 
viruses may be stabilized by adsorbing to suspended
 
matter (World Health Organization, 1979). In the G
 
tapwater samples obtained at sonic distance along the
 
water distribution system the potential for post treat- f
 
ment contl1inination exists, especially where rooftop ' l
 
cisterns are used to supplenictit supply during te dry
 
season.. 

Plost-treatilent contia miination is Comiunid ed . 
lag water. The 1Ca aIf'req ucuc of' virus isol f'rom1 where totioil levels of residual chlorine are insuflicicnt 
drinhLg watir wets In er in lie seco [ inaLtivate Rotavirlss aid Ciisuivey duritl, baceria a;lih'iruses. 

t
th di Snii ree la:s % lccu itfO r thi ten', it u 'c cssta at i cl0I i d n ra1Ic 1113 11) )l'sis

i ..:,,t!,, , . :.........: ..
: : ................
• K 
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IOr extended periods under a variety of environ-
mental conditions (Melnick et al., 1978). 

OOur study was not designed to determine the role 
: w~aterborne human viruses in causing disease inw r hin 
humans. Insufficient data exist with regard to mini-
mum infective dose, route of infection (respiratory vs 
fstrointestinal), and other determinants of infection 
to draw conclusions regarding the public health 

.hazard of these viruses to be drawn. Nevertheless, 
water has been implicated lepdemiologically in out-
breaks of gastroenteritis of suspected rotavirus viral 
etiology (Lycke et (il., 1978; Morens et al., 1979; 
Zamotin et al., 1981; Sutmoller et al., 1982). Further-
more, it is fairly well establishaed that other enteric 

%irusescan be transmitted by. water and will cause 
human disease, ranging from mild eye and respira-
tory infections to diarrhea to severe hepatitis (World
Health Organiza Ition, 1979; Sanchez et al., 1982;HG. 
Hejkal et a., 1982). Because rotavirus can also cause 
life-threatening disease (in infants), it seems reason-
able to consider waterborne rotavirus a public health 
hazard, The data in this report showing infectious 
i .on

otavirus in potable and environmental waters 
confirms the potential of the virus for waterborne 
transmission. Furthermore, the finding of infectious 
irus inwater samples meeting U.S. quality standards 

SiUggests that current water quality standards andprcessesneedstreatment to be re-evaluated, 

Arknolvledgetnents-We thank the engineers and employees
of the Sistema Intermunicipal de Servicios de Aqua Potable 
YAlcantarillado de la Zona Metropolitano de Guadalajara
fr their valuable assistance. We also thank Victor Eloy, 
,ancy Rios, Pat Rascon for Assistance in the field studies, 
and Farhad Kazazi for technical assistance. 

REFERENCES 
APHA (1980) Standards Methods for the Examination of 

llater and Vastewater, 15th Edition. American Public 
lealth Association, New York. 

Bolivar R., Conklin R. H., Vollet J. J., Pickering L. K.,
DuPont H. L., Walters D.and Kohl S. (1978) Rotavirus 
in travelers' diarihea: study of an adult student popu-
lation in Mexicoui.. infct. Dis. 137, 324-327. 

Estes M,K., Graha n D. Y., Smith E.M.and Gerba G. P. 
(1979) Rotavirus stability and inactivation. J. gen. Virol. 
43, 403-409. 

Federal Register (1975) 40, 59566-59588. 
ter S. 0., Palmer E.L., Gary G.W.Jr, Martin M. L., 
-lerrmanK. L., Bessley P.and Sampson J.(1980) Gastro-

enteritis due to rota'\virus in an isolated Pacific island 
group: an epidemic ol' 3,439 cases. J. infect. Dis. 141, 
32-r9. 

ba C. P., Farrah S. R., Goyal S. M., Wallis C. and 
lelnick J. L.(1978) Concentration of enieroviruses fron 

large volumnes of tap wwter, treated sewage, and seawater. 
Appl. envir. Microbiol. 35, 540-548.

Heikal T. i1., LaBelle R.L., Keswick B II., Gerba C. P., 
llafkin B. and Sanchez Y. (1982) Viruses in a small 
Conmunitywwter stpply tssoc: eid with a gastroentleritik
epidemic. J . A.I at "11'ksAIss. 74, 318-321,
1aOPlaii J I .,Feldmain R. Can pbell 1), S., Lookabitigh C. 
and GCa rv W. (19S2) The I'rctleuticy ol' a Norwalk-ike 

pattern of illness in outbreaks of acute gastroenteritis. 
Am. J.publ. tlt/h 72, 1329-1332. , 

Keswick B. H., Blacklow N. R., Cukor G. C., DuPont 
.H.L. and Vollet J.J.(1982) Norvalk virus and rotavirustraveler's diarrhea inMexico. Lancet I (8263), 109-110.

Kim H,W., Brandt C. D,, Kapikian A. Z., Wyatt R.G., 
Arrobio J. 0., Rodriquez W, J., Chanock R. M. and 
Parrott R.1H.(1977) Human reoviruslikc agent infection: 
occurrence in adult contacts of pediatric patients with 
gastroenteritis, J. ntin.reed. Ass. 237, 404-407. 

Lycke E., Blomberg J., Berg G, Erikson A.and Madsen L.
(1978) Epidemic acute diarrhea inadults associated with 
infantile gastroenteritis virus. Lancet ii, 1056-1057. 

Melnick J.L., Rennick V., Tampil B,, Schmidt N.J.and Ho 
H. H. (1973) Lyophilized combination pools of entero
virus require antisera preparation and test procedures foridentification of field strains of42 enteroviruses. Bull. 1l1d 
Hth Org. 48, 263-268. 

Melnick J.L., Gerba C.P.and Wallis C. (1978) Viruses in 
water, Bull, lVId Hth Org. 56, 499-508.Morens D. M,, Zweighaft R. M., Vernon T. NI, GaryMoinD.IL ZegatRN.,VrnT. .. Gy W., Eslein J.J,, Wood B.T,, Holman R.C.and Dolin 
R.(1979) A waterborne outbreak of gastroenteritis with 
secondary peron-to-person spread: association with a 
viral agent. Lancet i, 964-966. 

Paul M.0. and Erinle E. A. (1982) Influence of humidity
rotavirus prevalence among Nigerian infants and 

young children with gastroenteritis. J. clin. ilicrobiol. 15, 
212-215. 

Ryder R.W., Oquist C.A., Greenberg H., Taylor D. N., 
Orskov F., Orskov I., Kapikian A. Z. and Sack R. B. 
(1981) Traveleris diarrhea in Panamanian tourists inMex
ico. J. infect. Dis. 144, 442-447.Sanchez Y., LaBelle R. L., Hejkal T., Keswick B. H.,Dreesman G. R., Gerba C.P., Hafin B.and Beauchanp 
R. (1982) Identification of hepatitis Type A antigen in 
sewage and well water prior to an outbreak of waterborne 
infectious hepatitis. In Viral Hepatitis KEdited by Szmu
ness W., Alter H. V. and Maynard J.E.), pp. 629-636. 
The Franklij Institute Press, New York. 

Smith E. M. and Gerba C. P. (1982) Development of a 
method for detection of human. rotavirus in water and 
sewage. Appl. envir. Microbial. 43, 1440-1450. 

Sutmoller F., Azeredo R.S., Lacerda I. D., Barth 0. 1M.,
Poreira H.G,, Hofler E.and Schatzmayr H.G. (1982) An 
outbreak of gastroenteritis caused by both rotavirus and 
Shigella sonnei in a private school in Rio de Janeiro. J. 
Hyg. (Comb.) 88, 285-293. 

Tjoa W. S., DuPont H. L., Sullivan P., Pickering L. K., 
Holguin A. H., Olarte J., Evans D. G. and Evans D,J. 
(1977) Location of food consumption and travelers' diar
rhea. Ani. J. Epid. 106, 61-66. 

U.S. EPA (1975) National interim primary drinking water 
regulations. Fed. Register 41), 59566-59574. 

Vollet J. J., Ericsson C. D., Gibson G., Pickering L. K., 
DuPont H. L., Kohl S,and Conklin R. (1979).Htinan
rotavirus in an adult population with traveiers' diarrhea 
and its relationship to the location of food consumption,
J.reed. Viral 4,81-87.

Wenman 	W. I'd., I-linde D., Felthamn S.and Gtirwith M. 
(1979) Rotavirus infection in adults: results of a prospec
tive family study. New 1'ngl J. Alea. 301, 303-306,

World Health Organization (1979) Human viruses in water, 
wastewater, and 'soil. Technikal Report Series 639. 

Zamotin 13,A :Libiyainen L.T., Bortnik F.L., Cheritskava
E. P., Enina Z. 1,, Rossikhin N, F. Veselov V. I., 
Ktryinkin S: A., Egevev V. A., torozhkina, Z. D.. 
Kostyukova K. P., Dorozhkin G. V., Shironina V. G., 
Chernyi V. S., Agapov E I. and Vlasov V. I. (1981)
Waterborne group infection of roiavirus etiology. Micro
iol 1:dl hlnnnul. II, I(1(-102, 

.i2 . 

http:MoinD.IL

