after central venous catheter or fistula handling; preparation of
material, connection, disconnection, dressing, and manipula-
tion of lines and before and after direct contact with a patient;
handling of other invasive devices, if present; measurement of
temperature; measurement of arterial pressure; etc.). The han-

dling of catheter and fistula were considered to be activities

with high risk of HCV transmission. Overall, 2382 opportu-
nities were observed during 197 shifts, with a total of 98 h of
observation.

Glove use was observed during the same periods as was hand
hygiene, For each care activity, the following variables were
collected on the same standardized questionnaire as that used
for hand hygiene: type of contact, wearing gloves during con-

tact, and glove removal immediately after contact. Wearing.

gloves is recommended in the unit when exposure to body
fluids is anticipated. A
With consideration that the nurse-to-patient ratio (including
nurses and nurse assistants} may influence the risk of HCV
transmission, the ratio was recorded during each obsefv_atio:_x
“period, and the average nurse-to-patient ratio per shift (morn-
ing, afternoon, and night} was determined by calculating the
median ratio for all the relevant observation periods. Hand
hy;giené compliance was also calculated for each of the 3 shifts.
Statistical gnalysis. . Percentages and 95%. CIs were calcu-
lated. The x? test or Fisher's exact test was used, as appropriate,
to compare proportioris, The Mann-Whitney nonparametric
- test was used to compare continuous variables. Each potential
risk factor for environmental hemoglobin: contamination (i.e.,
nurse-to-patient ratio and-hand hygiene compliance) was tested
in a univariate model, and results were then entered in a logistic
regression model. Variables were not dichotomized. To take into
account the interdependence of observations made during the
same shift, we used robust estimates of variance (generalized
estimating equations) in which eaeﬁ‘ shift observation was in-

cluded as a cluster. Goodness of,-’ﬁ't:wa.s assessed using the -

Hosmer-Lemeshow x* test, and diﬁéﬁmiuation was determined
from the area under the receiver operatmg characteristics curve.
Accuracy was considered to be good- when the area under the
receiver operating characteristics curve had a range of 0.70-
0.80 and was considered to be excellent when it was >0.80. The
adjusted OR and 95% CI were calculated for each factor that
was statistically significant in the logistic regression model. P
values <.05 were considered to be statistically significant. All

tests were. 2 tailed. Statistical tests were performed using In- -

tercooled Stata software, version 8.2 (Stata).

RESULTS

V'rologwal study of emnronmental smfaces A total of 740

surface samples were collected in the dialysis unit during June—

August 2005, comprising 663. (90%) from dialysis machines

and 77 (10%) from other surfaces (table 1). Hemoglobin was
found in 82 samples (11%}, including 71 (10%) from surfaces
where blood was not evident. Among the 25 hemoglobin-pos-
itive samples collected from dialysis machines, 5 had been ob-

tained after external disinfection of the machine. Six (7%) of.

the 82 hemoglobin-positive samples contained detectable levels
of HCV RNA, comprising 4 samples taken from a dialysis ma-
chine and 2 from a shared waste cart {table 1). The HVRI1-
coding region could be PCR-amplified and sequenced in 5 of
these 6 samples, designated $1-85. These sequences were com-
pared with HVRI sequences recovered from patients 1-8 during
the at-risk period (except for patient 5, in whom HVRI could
not be amplified) and also from patient 3 at the time of surface
sampling (figure 2). As shown in figure 2, phylogenetic analysis

revealed that all sequences found in envirbnmental samples -
were closely related to those isolated from patient 2 when he

was infected in 2004 and to those from patient 3, from whom
samples were obtained both in 2004 and in 2005. Note also in
figure 2 the very slow genetic-evolution of the HVRI in patient
3 (only 4 nucleotide substitutions accumulated in 14 months;
data not shown), probably because of hemodialysis-associated
immune suppression. Interestingly, the same HCV strain was
isolated from 2 environmental sarmples taken at a 6-h interval
from the same machine that had beén used to treat 2 different
patients.

Assesstent of practices. Comphance with local precautions
for machine use and internal disinfection was adequate. Mul- -

tidose vials were never shared bétween patients. The finding
that patients 2 and 3, who were infected with closely related
HCV strains {figures 1 and 2), had .always undergone dialysis
during the same sessions but had never shared the same ria-
chine strongly suggested that patient 2 had been infected by
patient 3 via the hands of a health care worker, .

Compliance with standard precautions during the mvestl- .
gation is shown in figure'3. Overall, 2382 opportunities for -
hand hygiene were obsérved (2358 [99%] for nurses; 24 [l%]_:‘. '

Table 1.
or hepatitis C virus (HCVl RNA,

' Positfve
No. of samples, no. (%}
Sample site sarmples Hemoglobm

HCV RNA

NOTE, HCV RNA-positive findings afe percentages of the number of
hemoglobin-positive samples.
2 Including nursing preparation area, wheelchairs, and patient file cart.
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Figure 3. Compliance with guidelines for health care worker hand hygiene and appropriate giuve use durmg dialysis. At-ns'k tare activities consisted -

of handling dlalysm catheters or fistulas. Whiskers, 95% Cls.

for nurse assistants), [mmediately after the infection alert (Sep-

tember 2004}, compliance with hand hygiene immediately be-

- fore handling a dialysis catheter or fistula was significantly-

hlgher (P <.001) than it was several months later (figure 3}.

" due to patient-to-patient transmission: within the-unit; (2) the . -
dialysis environment was frequently contaminated by blood,-. *

Globally, gloves were worn in 857 (36%) of observed contacts _

with a patient or the environment. When. worn, glovcs were
removed unmedlately a&er a contact in only 672 (34.1%) of
cases (95% CI, 30.5%—37.8%). There was no statlstu:ally sign-

ficant difference between the findings ‘of the 2 péeriods of ob- .

servation. As showni ini table Z, a low nurse-to-patiefit ratio and
a poor rate of hand hygiené. compliance were independently
associated with the detecnon of hemoglobin on environmental
surﬁaces

DIS.CU_SSION _

Several teports of nosocomial HCV transmission in the he-
modialysis setting have been published, but.the investigations
were incomplete and the routes of transmission remained un-
clear [13, 17, 18, 26]. Alla.nder et al. [26] feported nosoeoxmal
HCV transmission in a series of patients who underwent di-
alysis at the same time but who did not share dialysis equip-
ment. Those ‘authors pastulated, but did ot show, that the
environment was contaminated. Comphance with standard
precautions was not studied.. : L
To our knowledgc, ours is the first study to demonstrate that
a low nurse-to-patient ratio and poor comphance with guxdc—
lines for hand hygiene and glove use are independent predlctors
of environmental contamination- by bléod and HCV.-By com*-
bining gcnenc and phylogenetic analyses of HCV recovered
from patients’ blood and the environment with measurements
of compliance with standard precautions; we showed that: (1)

[

2 sporadic cases of HCV transmission occurred in the dialysis’
unit during the study period, 1 of which was unequivocally

including HCV-infected patients’ blood, as shown by the de- - ./
‘tection” of hiemoglobin; ‘sometimes associated with. detectable. - - '
levels of HCV/RNA in a substantial proportion of swabs;and ..« .
(3} compliance with guidelines for hand:hygiene and glove use - -+-
during patient. care was poor; raising the possibility of HCV- ..

transmission via the hands of health care workers. Interestingly, -

. all HCV-infected blood found in environmental samples be- -

longed to the patient who indirgctly infected another ‘patient
undergoing-dialysis. -

In-our study, hemoglobin. was found in 11% -of environ-
mental samples, and 7% of those positive samples contained
detectable HCV RNA. Hepatitis B virus transmission has been -
linked to the presence of the virus on environmental surfaces—
in the absence of visible blood {27]. Hepatitis B virus has been
reported to remain viable on environmental surfaces for at least:
7 days at-room témperature (28, 29]. HCV-RNA has been-

* shown to'be resistarit for at least 48 h 'on inert-surfaces at room

temperature [24, 30, 31]. A robust cell culture system for HCV
was recently developed, but it cannot be infected with virtses
other than those produced after cell culture transfection of a
specific HCV lone [32-34]. Cell culture systems that can be
directly infected by HCV-infected patients’ blood will be needed -
to determine how long HCV remains infective in the environ-
ment. Even'in t_he absence of such’ data, our results ‘strongly - '_
suggest that infections HCV is present in'the dialysis environ-
ment and that HCV can be transmitted by the hands of health
care workers. We did not, hdwever, _samplc health care workers’
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Table 2. Factors independently associated with environmental hlood contamination dusing nursing shitts.

Univariate analysis of environmental

hemoglobin, by daily shifts

Multivariate analysis

Remoglobin found

Vartable

Hemaglohin not found

{n = 28} n=14) OR (95% Ci} P
Nurse-to-patient ratio, mean = SD ' 055 x 0.78 £ 050 0.03 {0.002-0.39) .008

NOTE. Performance of the model, Hasmerl.emeshow goadness-of-fit; # = 386 area under receiver operating charactenstics curve,

0.768.

gloved or ungloved hands during care. activities, because this

would have hindered the assessment of compliance with stan- -

dard precautions by increasing the Hawthorne effect.

The rate of compliance with standard precautions in our
study was similar to that reported elsewhere about a similar
setting {35, 36]. A recent survey of hand hygiene practices in
9 Spanish hemodialysis units showed poor compliance, both
before and after contact with patients (14% and 36%, respec-
“tively) [36].

. Permanent giove use can unpau' compliance with hand hy-.

giene {37] and may thus lead to cross-transmission of infectious
agents. This is the first time that glove use and removal-have
been studied in relation to the risk of environmental contam-
ination. Gloves. are worn mainly for health care worker self-
_protection, rather-than to prevent patient cross-infection. The

recommendation that gloves always be. worn in the hemodi- -

alysis setting, whatever the type of contact (environment or

pauent) {38], therefore, may be confusing and may: exposé -

patients to HCV transmission. if not followed properly, with
systematic glove removal and hand-hygiene between care
procedures. . '

We found that a nurse-to-patient ratio <0.60 was indepen-

dently associated with hemoglobin contamination. of environ--
mental surfaces. Understaffing is-a recognized major risk factor -

for nosocomial infection [3941]. Recently, a Brazilian study

of 22 dialysis centers showed that the number of patients per.

health care worker was independently related to the risk of

hepatitis B virus infection [16]. Petrosillo et al. [42] showed,"

in a prospective multicenter study in Italian hemodialysis units,
that a low staff-to-patient ratio is an independent predictor of

the risk of HCV nosocomial transmission, Therefore, to-limit -
the spread of blood in the dialysis environment, we recommend
that at-risk care procedures, such as connection and discon- =

nection of equipment to the patient, be performed by a pair

of mirses: one working with the patient and the other working .

with the machire.

In conclusion, blood-contaminated surfaces may represent .
a source of HCV transmission, via health care workers’ hands
or gloves. Environmental contamination is mainly a consc-..

quence of poor adherence to standard precautions in. the he-
modialysis setting. Strict adherence to guidelines-for hand hy-

giene and glove use and strict organization of care procedures,

with an adequate nurse-to-patient ratio, should help to reduce
the risk of environmental contamination and, thus, HCV trans-
mission in patients undergoing dialysis.
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Short Report: Occupanonal Exposure to Hepatrtls E Vuus (HEV) in Swine Workers.

Carolina Galiana, Salceda Ferndndez-Barredo, Angel Garcm, Mana Teresa Gémez, and Mana Teresa Pérez-Gracia* _:A

Depurlamento de Atencién Sanitario, Safud Piiblica y Sanidad Anisinl, Foeulind de Cientias Expenmenmfes y.de la Salud,
Universidad CEU Cardenai Herrera. Moncada, Vatenc:a, Spam R

Abstract.

The aim of this work was to study the preva]ence of hepatms E virus (HEV) and the risk factors for the T

- acquisition of the virus in a population in' contact with swine and unexposed to swine. A total of 198 individuals, 97

‘uriexposéd (49%) and 101 exposed (51%) to swine, were tested for the.presence of HEV infection. The prevalence of .
anti-HEV IgG-in the exposed group was 18.8% versus 4.1% in the unexposed to swine group. People exposed 10 swine
- were observed to'be 5.4 timies (P = 0.03) at risk of having anti-HEV 1gG. Terr (52, 6%) of the IgG-positive fidividuals
showed two concomttant risk factors untreated water consumptlon and expo.sure to swine. These data support that HEV
infection, should ‘be - treated as."a vocational illness.in swine workers. “Thérefore, -systematic_ apphcatron of hyglene
measures in this collechve is hlghly recomrnended to avoid the exposmon to this® v;rus :

Hepatlus E vxrus (HEV) is the mam causative agcnt of

'entencally transrmtted non-A . nori-B hepatms and self- "

limiting chmcal presentatlon in ‘humans. It is'a nomn:

“-enveloped virug-with-a, positive-sefise, single-stranded RNA'-
.. genome ‘Of - -7,200 ‘nucleotides in lerigth and contains ‘three

“open redding frames (ORFS) Nowa,da,ys HEYV is classified

o . intd th‘,e famﬂy Hepevmdae penus HePevzrus Regardmg the .

B phyl()geny, HEV has beer divided into. four genotypes Zal- o

- though onljr'one sefotype of HEV is -
:'.sion of HEV infection primarily; occurs-through contaminated -

ognized.* Transmis-

. Bive rise to the suspn:l

1-18% have bieen reported In the fast years, -several studies

. "have been published-déscribirig differences in the prevalence .
- of anti-HEV antibodi€s betwéen people exposed and fiot ex " .0
) :_posed ‘to swine,S'? buf the risk iactors fer thc acqtnsthon of S
'Athe virys have not been studied.’; s -
' Accordrngly, the aim of thig worlc was'th study the preva- o

; lence df HEV .and the nsk faetors for the acquisitioh of the

b Address correspondence 10 M.'I‘ Pérez-Gracia, Depanamento de
Atencifn Sanitaria, Salid Piblica"y Sanidad Animal, Facultad d¢
Ciencias Experimentalés Y ‘de 1a;Salud,’ "Universidad CEU Cardenal
- Heirera, Avenida Semmano sii 4611
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water althoug person to person traué:msswn and sexial S

g f the nomnal’ populanon is. gen-" :
o erally 1%, but can be lugh as 20—25% among pregnant
. women.’ o . .
- In mdustnahhed countnes I-IEV has been found mamly m ;
mdwlduals who! had t.raveled o endermc zones. Actually, the. ¥
; “Increasing number-of autochthonous cases, of hepatitis E° and"
" the recent ﬁndmgs of HEY in domestic animals such as swine .
; t:-HEV ig'widerdetected in idio-:
.+ pathic.non A" non-B hepatitis._ Therefore; the transmission .~
o "Pathways from apimals to “humans Temain; obscire. However,
7 "in devéloped countriés, semprevalence rafiges varying from

oncada Valencia, Spam

. and 97 (49%)' womeil, were mcluded in this. study to'di _
- the prevalence of HEV. Partu:rpants ﬁlled out an epldemiq- .

* logic qnestmnnmre_mcludlng name, aige ‘area of rcstdeli'
- travel abroad, exposure to swine, aifid consumpnon of taw
S 'vegetables raw shellfish, and untreated .water. Tnformed: ap-s.
© - proval was obtained .from all participaits. . Indmduals wel
-divided into fwo separate ‘gtoups taking mto consuderah
'\ ..exposition. to swine: 97 unexposéd (NE 27 mex “an 70
" . women)-and-101" ‘exposed (E; 74 men: -and, 27 women)‘ Ing
~:+- viduals incliidéd iz the B group-wese: made up of swing fari
“ers, . pig handlers. and smne_vetennmans ;"Whercas’ tﬁe

", “until used: RNA ‘was' extracted from:
“ using a comrncrclal Kit fellowmg the
. tmns (QIampVirai RNA Kit Q:agen «‘Lalencxa, CA
S -palrs of degenerate ollgonucleoude pmtrers s were use

"~

leierent stages of assay

- to ‘avoid the posablhty of:. crcssacontanunatnon The PCR;'_ ’

products were’ separated- by electrophores’.s ins Z% agarose',.'

.. .rived frém genotype’l. _ _
N _ELISA assa.y ‘usein ‘this study were determmed b_y -the manusy - . .
~ facturer as 92% and. 88%, respectwely Positiy results b

. immunioblot test (Rccomblot*I{EV IgGIIgM Mlkrogen, ‘Mar,

. - tinseigdf Germany) Antigens used in this. kit weré. the N-_
L - terminal part ‘of- the capsrd antigen (GSEI‘ fusion: protein’ o
7. 02N, 50kd); the C-terminal part of the capsid antigén (tfiple -

“cial ELISA (Fortress Dlagnostrcs, Antmn, UK) a

and were detected by stammg with eﬂudxum brormde
" Sera £rom all mdwiduals were tested for the presence of

rdmg to .
- the manufacturers mstmcnons Thas kit used polystyrene mh L
" crowell strips precoated with recombmant HEV antlgens
(HEV-Ag). corresponditi 0. structura! prote:ns ORF2, de-

‘tained using f this assay were: conﬁrmed by means of an HEV:- - - .~

band; O2C 38-41-kd), the iiddle part of the capsml antrgen

(O2M;'28 kd), and the 0R.F3 protém (03- 15; kd) of geno-.. o
'typeslandz R ’ '
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