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Determinant Roles of Environmental Contamination
and Noncompliance with Standard Precautions

in the Risk of Hepatitis C Virus Transmission

in a Hemodialysis Unit |

Emmanuelte Girou,'* Stéphane Chevaliez? Dominique Challine,* Michaé&l Thiessart,' Yoann Morice,?

Philippe Lesprit, Latifa Tkouh-Scheirlinck,’ Sophan Soing-Altrach,’ Florence Cizeau," Celine Cavin,' Martine André,?
Djamel Dahmanne,? Philippe Lang,® and Jean-Michel Pawlotsky’

"Infection -Control Unit, French Nationa! Reference Center for Viral Hepatitis B, C, and delta, Department of V’mlogv & INSERM UB35,
and *Nephrolagy Ward, Heari Mandar Hospital, Assistance Publique-tipitaux de Paris, Université Paris 12, Créteil, France

Baékgrou'nd. Nosocomial transmission is the second most frequent cause of hepatitis C virus {HCV) infection.
A prospettive observational study was conducted to-assess the-roles of environmental contamination and non-
compliance with standard precautions in HCV cross-transmission in a hemodialysis unit.

Methods. Patients undergoing chronic hemod.lalysm in a French university hospital unit were systematically
screened, reveahng 2 sporadxc cases of HCV transmission. An investigation was launched to determine whether
the patients were infected iri-the hemodialysis unit and the possible roles'of environmental contamination and
noncompliance with stand;ird‘p'recautmns ‘We examined possible relationships among new cases of HCV infection,
ennronmcntai contamination by blood and HCV RNA, and compliance with guidelines on hand hygiene and
glove use:

Results.. Two panents expenenced seroconversmn to HCV dutmg the study period. Phylogenetlc analyses
showed that 1 of these patients was infected with the same strain as that affecting 2 chronically infected patient -
also treated in the unit. Of 740 emnronmcntal surface samples, §2 (11%) contained hemoglobin; 6 (7%) of those
contained HCV ‘RNA. The rate of compliance with hand hygiene was 37% (95% confidence interval, 35%-39%),
and gloves were immediately removed after patient care in 33% (95% confidence interval, 29%-37%) of cases. A
low ratio-of nurses to patients and poor hand hygiene were mdependent predictors of the presence of hemoglobin
on environmental surfaces.

Conclusion. Blood-contaminated surfaces may be a source of HCV cross-transmission in a hemodialysis unit.
Strict comphance with hand hygiene and glove use and strict organization of care procedures are. needed to reduce
+ the risk of HCV cross-transmission among paﬂents undergomg hemodnalysls

problem. Worldwide, >170 millton individuals carry the
virus, and the infection becomes chronic in ~80% of

adult cases. Approximately 20%- of patients with -
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Hepatms C virns (HGV) infection is a major health -

chronic HCV infection develop cirrhosis, and the in-
cidence of hepatocellular carcinoma is 4%-5%.per year :
imr cirrhotic patients-{1]. :

- HCV is principally, if not exclusively, transmitted by

- blood. Historically; the 2 main routes of transmission
- have ‘been blood transfusion and injection drug use.

Sirice the implementation, in the United States and

-Europe, of blood-donor screening with highly sensitive -

- ElAs for anti-HCV antibodies and minipool testing for
HCV-RNA, the incidence of transfusion-transmitted .-
" hepatitis C has decreased to ~1 case per 2 million trans-

fused blood units (2, 3]. In France, 30004000 new
casés of HCV infection still occur every.year [4]. Ap-
promnately two-thirds of these cases are related to in-

-jection drug use, but nosocomial transmission is the

Nosocomial Transmission of Hepatitis C in a Dialysis Unit « CID 2008:47 (1 September) » 627
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second most common source of HCV infection, Most cases of
HCV transmission in the hospital setting are attributable to
patient-to-patient transmission through invasive procedures,
such as insertion of an intravascular catheter, colonoscopy,

sharing of dialysis equipment, surgery, and sharing of multidose

vials [5-11].

The prevalence of HCV infection is high among patients
who undergo hemodialysis, because of both contaminated
transfusions before the early 1990s and nosocomial transmis-
sion. Several outbreaks and sporadic cases of nosocomial HCV
or hepatitis B virus transmission in dialysis units have been
linked to poor disinfection of dialysis equipment and to poor
compliance with standard infection-contro! measures {9, 12—
18). However, the exact route and mechanism of transmission
were unknown in most cases. Here, we examined the intricate
roles of noncompliance with standard precautions, environ--
mental contamination, and low nurse-to-patient ratio in cross-
transmlssxon of HCV within a dnalysus unit.

PATIENTS AND METHODS

Settmg and patients. Henri Moridor Unwers1ty Hosputal has
a 9-bed hemodialysis unit that mainly treats patlents ‘with
chronic renal failure. A case of HCV seroconversion was de-

tected by systematic screening during the study penod The .

study period was defined-as the interval between the probable

date of infection and the discovery of the index case—that is, -

January-September 2004, Patients” medical files were exhaus-
tively reviewed to eliminate a potenhal external source of HCV

transmission. None of the health care pcrson.nel was. known to -

be infected with- HCV:-No systematic screening of person.nel

~ was undertaken. No isolation policy was implemented iri the
. unit, Multidose vials weré not in use in the unit. -

All patients who undergo regular hemodialysis are screened

for anti-HCV antibodies every 3 months, in an, effort to detect.
seroconversion, On 27 July 2004, a case of HCV seroconversion

was detected through this screening. To determine whether this
case ‘was sporadic or part of an outbreak, all 52 patients with’
chronic renal failure who were undergoing regular hemodialysis
in the unit were tested for anti-HCV antibodies andHCV RNA,
as were all patients treated for acute renal. failure in the unit
during the at-risk period. Six {(12%) of the 52 patients'{patients
3-8) were known to be chronically-infected with. HCV, with
HCV RNA levels ranging from 4.4 10>6.9 log,, 1U/mL at the.

time of the study. All but 1 of these patients were to- known .

to have been infected for several years {e.g., patient 3 has been

infected since 2001). A second patient undergoing heinodialysis -

was found to be HCV RNA positive through culture-of a blood

sample obtained in July 2004 (tests for anti-HCV antibodies. - -

were negative), and an investigation ‘was-then launched. -
Virological studies and phylogenetic analyses.

Anti-HCV
antibodies were detected with a third-generation EIA (Vitros -. .

EC3; Ortho-Clinical Diagnostics). We tested for HCV RNA in
all patients’ blood and in hemoglobin-positive surface swab
cluates through use of a 'sensitive RT-PCR assay (Amplicor
HCV, version 2.0; Roche Molecular Systerns), with a detection
limit of 50 TU/mL.

To estimate the genetic relatedness of HCV strains, 2 HCV
genomic regions were PCR amplified and sequenced, including
a 328-base pair portion of the nonstructural 5B (NS5B) coding

region (nucleotide positions 82718597} and the 81-base pair-
‘regxon coding for hypervariable region 1 (HVR1) of the E2
‘envelope glycoprotein.[19]. HCV genotyping was based on phy-

logenetic analysis of NSSB sequences, which included prototype
sequences of various subtypes of HCV genotypes 1-6. The ge-
netic relatedness of HCV strains was studied by phylogenetic

analysis of both the NS5B and HVRI regions. Sequences were _ .
~ aligned withi ClustalW software [20]. Phylogenetic relationships = .
were deduced with the DNADIST-NEIGHBOR module of the
Phylogeny Interference Package, version 3.5 [21]. For neighbor-

joining analysis, a distance matrix was calculated using a Ki-
mura 2-parameter distance matrix with a transition/transver-

:sion ratio of 4.0. Trees were drawn with TREVIEW or

NJ-Plotprograms [22}. Their robustness was assessed by boot-

' strap analysis of 1000 replicates with the SEQBOOT modile

of the Phylogeny Interference Package program

" The index patient (patient 1) expenenced HCV seroconver:
.. ston in July 2004. The second case of HCV - seroconversion :;:
" during the study period (patient 2) was identified by systematic -
screemng for HCV RNA. To' determine whether chromcélly‘
infected patients were the source of the new cases, the sequences
of 2 HCV genomic regions, including a portion of the NS5B .
-+ coding sequence and the sequence coding for HVR1, were com-
pared among.the 8 infected patients, relative to reference se- -
. quences, Phylogenetic analyses of the NS5B region (figure 1y,
and 'the’ HVRI. (figure 2) showed ‘that newly infected patlent 2 .
was infected with the same HCV genotype 1 steain as was.. .,
~ chronically infected patient 3. In contrast, patient 1 was infected
. with an HCV genotype 3a strain that was unrclated to.the
- strains infecting the other 6 chronically infected patients (all .
infected with genotype 1). Despite.the proximity of the HCV
. strains from patients 4-8 in the N55B phylogenetic tree (figure

1), HVR] analysis showed that those patients were mfected

. with unrelated strains (figure 2).

Thus, 2 patients were infected during the at-risk period, 1

. of whom (patient 2) was infected with the same strain as was’ .

a chronically inifected patient (patient 3). The other néwl_y in-

fected patient (pé.tient 1).was infected with a genotype 3a strain,
which could have.been acquired either from a ‘patient occa—"
swnally treated in the dialysis unit or from an external source.

Risk factors of HCV transmission. Potential risk factors of

HCV transmission were hypothesized—namely, contamination °

of dialysis equipment (through machine sharing and inadequate

628 + CID 2008:47 (1 September) * Girou ct al
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Figure 1. Phylogenetic tree plotted with nonstructural 5B sequences
(nucleatide positions-8271-8597) from the 2 patients recently infected in
our hemodialysis. unit-{patients 1-and 2, shaded boxes), the 6 patieats

acetic acid [Dialox]) and sodium hypochlorite} and heat
disinfection,

Surfaces at risk of contamination with infected blood were
defined as the most frequently mahipulated surfaces—incuding
dialysis machines, shared waste carts, patients’ removable tables,
and work benches. At-risk surfaces were swabbed during di-
alysis sessions (30 swabs per day on 25 consecutive days) on a
surface area of ~100 cm?, by using a cotton swab moistened
with sterile distilled water that was then eluted in I mL of
sterile distilled water. Hemoglobin was detected with reagent
strips {Hemastix; Bayer HealthCare) with a detection limit of
150 pg Hb/L—that is, the equivalent of 5 erythrocytes per
microliter. All hemoglobin-positive samples were tested for
HCV RNA [23, 24].

"Compliance with standard precautions (hand hygiene and
glove use) was studied in the dialysis unit each day for three
30-min periods—during the morning, afternoon, and night
shifts—for 7 weeks (2 weeks during September 2004 imme- .
diately after the first case alett and 5 weeks during June-July
2005). All staff categories were studied, in an open, uncbtiissive’
manner, by 5 specially trained members of the infection ¢oritrol
team, with use of a standa‘rdiicd'qugstionnaire [25]). Hand hy-"

giene opportunities tailored to the care activities in the he-*

.modialysis unit were listed in the questionnaire (i.e.; beforeand-

known ta be chronically infected with hepatitis C virus {HGV) and regularly

treated in our hemadialysis unit (patieats 3-8; unshaded boxes], and
reference HCV strains of d:fferenl genotypes (the type and subtype are

*July 2004; **September 2004, Nucleotide sequence of the nonstructuml
58 gene of HCV-ED43 was used as an outgroup root.

environmenial disinfectidn), noncdmp]iance with standard pre- _
cautions, and variation of the nurse-to-patient ratio in the he-.

modialysis unit.

The use and maintenance of dlalySis eqmpmentwas rewewed :
by the local infection control team according to the written

local procedures that aré baséd on’ published dita ‘and rec-

oommendations. Dialyzers were not being reused, and dmlysns‘ ‘

machines (AKIOO Gambro) were disinfected after each session,
according to a written protocol combining chemical (peroxy-

e

i m}
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Patlent 3 GI0S)
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- Figure' 2. Phylagenatic tree plotted with hypervariable region (HVR] 1

sequences from the 6 patients known to be chronically infected with .
hepatitis C virus {HCV) and reqularly treated in aur hemadialysis umit
(patients 3-8), including the patient who transmitted HCV to patient 2.
(i.e., patient 3}, the 2 patients infected in our hemodialysis unit {patients™
1 and Z), the 5 environment surfaces that tested positive.for HCV RNA,
and that could be PCR amgplified in that region {S1-55), and refefence -
HEV stiaing of different genotypes (the type and subtype are indicated
just tiefore the strain identification letters andjar numhers] Dates of
sampling are shown in parentheses.
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