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Nosocomial Transmission of HCV in thé Liver Unit of a

Tertiary Care Center

Xavier Forns, Eva Martinez-Bauer, Anna Feliu, Montserrat Garcia-Retortillo, Marta Martin, Eugeni Gay, Miquel Navasa,

Jose Maria Sanchez-Tapias, Miquel Bruguera, and Juan Rodés

Despite its medical and legal implications, there are no prospective studies analyzing the
incidence and mechanisms involved in the nosocomial transmission of hepatitis C virus
(HCV) in liver units. This study prospectively investigates the nosocomial transmission of
HCV in the liver unit of a tertiary care center from August 2000 ¢o October 2002. The
median prevalence of HCV infection among hospitalized patients was 50%. Anti-HCV-
negative patients admitted to the liver unit during the study period were prospectively
followed, and serum markers of HCV infection were repeated 6 months after discharge. All
known risk factors for HCV transmission (including the physical allocation of HCV-infected
and noninfected patients during hospitalization) were recorded. Complete follow-up data
were available in 1,301 (84.5%) of 1,540 patients. Six patients (0.46%) acquired HCV
infection (annual incidence: 0.27/100 admissions). Phylogenetlc analyses of recovered HCV
sequences identified the source of infection as an HCV-infected roommate (3 cases) and a
patient receiving care by the same nurse team (1 case). The most relevant risk factors
associated with HCV acquisition were duration of hospitalization (>10 days; OR, 35; 95%
CI, 1.96-622) and hospitalization with an HCV-infected roommate (>5 days; OR, 12;95%
Cl, 1.39-103). In fact; HCV infection occurred in 1.7% of the 357 patients hospitalized
longer than 10 days. In conclusion, HCV nosocomial infection appears to occur via patient-
to-patient transmission in liver units, particularly in individuals who require long hospital-
izations. Continuous reinforcement of universal prevention measures and, when possible,
isolation of patients at higher risk might further reduce nosocomial HCV transmission.

(HEPATOLOGY 2005;41:115~122.)

mong the most relevant risk factors for hepatits C

_virus (HCV) acquisition are injection-drug use,

birth to an infected mother, multiple heterosexual
partners and transtusion of blood or blood products be-
fore 1990.'2 Transmission of HCV has been reported in
individual cases related ro diagnostic and therapeutit pro-
ccdures, as well as in ctrcumscnbcd epidemics resulting
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from unsafe injection practices or contaminated equip-
ment.* ¢ Transmission of HCV by an infected health care
worker is a very rare event and has been essentially linked
to surgery or medical care.”® Although health care-re-
lated procedures have not been unequivocally-associated
with-HCV acquisition in case—control studies,> some
studlcs have demonstrated 2 higher prcvalencc of HCV
infection in patients who underwent invasive mcdlcal

-procedurcs or prolonged hospitalization.9¢

Transmission of HCV in hemodialysis and hematol—
ogy unizs is well documented.*!+* Transfusion of blood
products before universal anti-HCV screening and pa-

‘tient=to-patiént transmission have been implicated as the
‘main mechanisms of HCV acquisition in this setting./2-'3

The latter mechanism was suspected by the greater inci-
dence of HCV transmission in'units with higher preva-
lence of HCV sinfection and has been unequivocally
demonstrated by molecular analysis of HCV isolates.'¢
Implementation of universal precaution measures and

isolation of HCV-infected from noninfected patients re-

s
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sulted in a significant decrease of HCV transmission in
hemodialysis units.'”-1?

Because of the high prevalence of HCV infection
among patients with cirrhosis, hepatology wards repre-
sent a potential high-risk sewting for HCV nosocomial
spread. Hospitalized HCV-infected patients are not sep-
arated from noninfected patients, and medical and nurs-
ing staff usually care for both HCV-infected and
noninfected patients simultaneously.

We prospectively studied the incidence and mecha-
nisms involved in the nosocomial transmission of HCV in
the liver unit of a tertiary care center for a period of more
than 2 years. All potential risk facrors associared with
HCYV infection were analyzed, and a thorough epidemi-
ological and molecular analysis of the infected cases was

performed.

Patients and Methods

Patients. All patients admirted to the three hospital-
ization wards of our Liver Unit (Hepatology, Liver Sur-
gery and Transplantation, and Daycare Unit) from
August 2000 to October 2002 were screened for anti-
HCV. Anti-HCV-negative patients were included in the
study. The study was approved by the Local Ethics Com-
mittee; all patients received a written synopsis of the aims
and methodology of the study and gave their consent for
participation.

The Hepatology ward cares essentially for patients
with decompensated cirrhosis, whereas the Liver Surgery
and Transplantation ward cares for liver transplant recip-
tents and patients with primary or metastasic liver cancer.
The Daycare Unit is shared by the Liver and the Gastro-
enterology units, and patients with liver or gastrointesti-
nal diseases are admitted on a 1-day basis to undergo
diagnostic or therapeutic procedures. Medical and nurs-
ing staff working ar the three hospitalization wards were
aware of the aims and methodology of the study. In ad-
dition, the Epidemiology Unit of our institution performs
regular surveys to ensure full observance of universal pre-
caution measures. Among the common' precaution mea-
sures used in the units are the routine labeling of HCV
infection in the nursing flow sheets; hand washing and
change of gloves before and after each patient manipula-
tion, disinfections of nondisposable material (e.g:, tourni-
quets) if used for venous blood sampling, and the nonuse
of multidose vials. Capillary blood glucose levels were
monitored using an Accu-Chek device (Roche Diagnos-
tics, Barcelona, Spain); patients’ fingers were never placed
directly on the blood glucose meter. Patients requiring
special attention—such as those with major gastrointesti-
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nal bleeding or sepsis—are moved into individual rooms
and, when necessary, an extra fully dedicated nurse takes
care of the patient until the patient is transferred to the
intensive care unirt or is stabilized. -

For anti-HCV-negative parients and during the time
of admission, all known risk factors associated with nos-
ocomial transmission of hepatitis C were carefully re-
corded, including: (1) transfusion of bleod products; (2)
invasive procedures such as diagnostic endoscopy (gas-
troscopy, colonoscopy, and endoscopic retrograde
cholangiopancreratography),  therapeutic  endoscopy
(variceal sclerosis and banding, polypectomy), angiogra-
phy and transcutaneous arterial embolization, other ra-
diological procedures requiring intravenous contrast, liver
biopsy, percutaneous ethanol injection, radiofrequency
ablation, transhepatic cholangiography, hepatic hemody-
namics studies and transcutaneous intrahepatic portosys-
temic shunt, and large volume paracentesis; and (3) minor
and major surgical interventions.

Duration of hospitalization was registered for each pa-
tent; in individuals admitted more than one tnstance, the
total number of days of hospitalization was considered for
analysis. Patient allocation in the different wards was reg-
istered every day to identify anti-HCV—positive room-
mates and the nurse team who was in charge of each
patient. A nurse team was defined as all nurses from dif-
ferent shifts (morning, afternoon, night, and weekends)
in charge of the same beds (and therefore caring for the
same patients). This figure includes registered nurses, li-
censed practical nurses, and aides.

Anti-HCV was reexamined 6 months after patients’
discharge. In patients with more than one hospital admis-
sion, anti-HCV was examined at each admission and 6
months after each discharge. If the patient lived outside
the Barcelona area, we addressed a lewter to the primary
care physician asking for a follow-up anti-HCV test. In
patients who seroconverted to anti-HCV, infection was
confirmed by determination of HCV RNA by a sensitive
qualitative assay (Amplicor HCV 2.0; Roche Diagnostics,
Branchburg, NJ). In immunocompromised patients,
such as patents who underwent liver transplantation or
who were under chemotherapy, serum aminotransferases
were determined at 3, 6, and 12 months after hospital
discharge, and, if elevated, HCV RNA was determined
even in the absence of anti-HCV seroconversion.

In case of confirmed HCV infection, a complete epi-
demiological study based on our records was carried out.

Patients were carefully interviewed for lifestyle practices

and anti-HCV status of family members. [If the patient
received blood products, the blood bank was contacred to
identity all implicated donors. HCV infection was ex-
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cluded by serological follow-up of donors and/or by re-
peating ant-HCV and HCV RNA in stored plasma
samples. All anti-HCV~positive (or HCV RNA-—positive)
individuals who shared a room or nurse with patients who
acquired HCV during the study were identified, and a
serum sample was obtained when necessary. In patients
submitted to invasive proceduces, we identified those in-
dividuals who had undergone the same procedure on the
same day and were anti-HCV—positive; a serum sample
was obtained and, if necessaty, analyzed. If the source of
HCV infection could not be identified, the anti-HCV
status of health care stafl involved in parients’ care was
investigated.

HCYV sequences from patients who acquired the infec-
tion during the study and from individuals with the high-
est probability to be the source of infection (anti-HCV-
positive roommates or individuals who shared the same
nurse team) were included in a phylogenetic analysis. If
this analysis failed o identify the source of infection, mo-
lecular analysis was expanded to other likely sources, such
as anti-HCV-positive patients who were simultaneously
admitted to the same ward or individuals who underwent
the same invasive procedure at the same session.

HCV RNA, Genotype, and Serotype Determina-
tion. HCV RNA was determined with a sensitive quali-
tative assay (Amplicor HCV 2.0). HCV genotype was
determined by restriction fragment length polymorphism
after amplification of the 5’ noncoding region of the
HCV genome, as described previously.>

If HCV RNA was undetectable, HCV genotype was
determined with a serotyping assay that detects type-spe-
cific antibadies directed to epitopes encoded by the NS4
region of the genome (Murex HCV Serotyping; Abbot
Cientifica S.A., Madrid, Spain). The assay identifies the

- HCV type (1-6) with high accuracy bur does not provide
information on the HCV subtype.?!

Phylogenetic Analysis. A phylogenetic analysis of
HCV sequences was performed to determine if different
paticnts‘werc.infgcted with closely related strains. Partial
amplification of the E1 and E2 regions (392 nucleorides
encompassing a fragment of the E1 and E2, including the
hypervariable region 1) was performed as described else-
where.>:Amplified fragments were purified, and bidirec-
tonal .sequence : analysis was performed using a
commereial kit:(Perkin-Elmer Applied Biosystem, War-
rington, United Kingdom). Sequence alignment and
phylogenetic analysis were performed using the Neighbor
Joining program in the PHYLIP package as described
previously (Bootstrap support 1000 random resamplings
of the sequences K2p (Ti/Tv=2), unroored).®
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Table 1. Baseline Characteristics of Patients Included In the
Study According to Their Status at the End of Follow-Up

Completed Lost to
Follaw-Up Died Follow-Up
(n = 1,301) (n = 123) (n = 116)
Age* 57 {16-94) 64 (30-92) 59 (19-90)
Male sex (%) 811 (62%) 79 (64%) 72 (62%)
Days of admissiont 2 (1-121) 9(1-82) 1(1-37)
Baseline diseaset .
Chronic hepatitis 138(11%) 0 12 (10%)
Cimhosis 292 (22%) 46 (37%) 16 (14%)
Hepatoceliular
carcinoma$§ 101 (8%) 32 (26%) 6(5%)
Liver transplantation|| 111 (8%) 2 (2%) 5 (4%)
Benign gastrointestinal
disease 385 (30%) 6 (5%) 38 (33%).
Digestive cancer 117(9%) 23 (19%) 9 (8%)
Benign biliary disease 125 (10%) 11 (9%) 28 (24%)
Other 32 (2%) 3(2%) 2(2%)

NOTE. Quantitative variables are expressed as median (range).

*Patients who died were significantly older than patients who completed
follow-up (P << .01). )

tPatients who died were admitted for a longer period than patients who
completed follow-up (P < .01).

{Differences in baseline diseases among the three groups were statistically
significant (P <C .01). ’ :

§includes patients with cholangiocarcinoma.

Jlincludes patients who underwent transplantation before study initiation and

required hospitalization.

Statistical Analysis. We analyzed the dara with SPSS
version 10 software (SPSS Inc., Chicago, IL). Quantita-
tive variables are expressed as the median (range). For
quantitative variables, differences between groups were
analyzed using a nonparametric test (Mann-Whitney).
For caregorical variables, differences between groups were
calculared using the Fisher exact test. To identify risk
factors of nosocomial HCV acquisition, odds ratios and
their respective 95% Cls were calculated (OR = 1.96
SE).

Results

Follow-Up. During the study period, 1,540 anti-
HCV-negative patients were admitted to the different
wards, corresponding to a total of 2,436 hospital admis-
sions. Follow-up. anti-HCV serology was available in
1,301 (84.5%) of the 1,540 patients and in 2,186
(82.7%) of the total number of admissions. One hundred
twenty-three patients (8%) died within the scheduled
6-month follow-up, and 116 patieats (7.5%) did not re-
turn forthe follow-up anti-HCV test. Baseline features of
the three groups are summarized in Table 1. As expected,
patients who died prematurely had a significantly higher
prevalence of cirrhosis and malignant diseases and longer
admission periods compared with patients belonging to
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Table 2. Baseline Characteristics and Follow-Up Data on the 6 Patients Who Acquired HCV Infection
During the Study Period
Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6
Age (yrs) 48 68 55 46 27 46 -
Sex {M/F) M M M F M F
Baseline disease LT {aicoholic Disseminated LT (alcohalic Disseminated Living donor Decompensated
cirrhosis) rectal cirrhosis) colonic (nght alcoholic
adenocarcinoma adenocarcinoma hepatic cirrhosis
: lobe)
Anti-HCV seroconversion Yes (after 1 yr} Yes No Yes Yes Yes
HCV viral load at time of detection (1U/mL) 180,000 46,200 2,030,000 883,000 Undetectable 1,410,000
Genotype ta 3 1b 1b i+ 1b
Peak alanine aminotransferase (lU/L) 775 136 83 792 27 883
Transfusion of blood products Yes Yes Yes Yes No Yes
Surgery Yes Yes (X3) Yes Yes Yes No
fnvasive procedures THC (2), LB DE, TAE, THC, R A, THC (2), DE. RF, R (6) AU DE, TE, A, HE
(3) R (3). LB (2),
R
Duration of hospitalization (days) 23 63 44 14 16 60
Anti-HCV-positive roommate (days} Yes (12) Yes (44) Yes (23) No Yes (9) Yes (20)
Outcome of HCV infection Cimhasist Persistent Chronic Persistent Spontaneous Resolution after
(retransplantation) infection hepatitist infection resolution " therapy

Abbreviations: M, male; F, female; LT, liver transplantation; THC, transhepatic colangiography; LB, liver biopsy; TAE, transcutaneous arterial embolization; R,
radiological procedures; A, angiography; DE, diagnostic endoscopy; RF, radiofrequency ablation; U, invasive ultrasonography; TE, therapeutic endoscopy; HE, hepatic

hemodynamics.
*Determined with serotyping assay.
tDiagnosed by liver biopsy.

the other groups. Patients lost to follow-up had a signifi-
‘cantly higher prevalence ‘of benign gastrointestinal and
biliary diseases when compared with other groups. These
patients were mostly referred from centers outside the
Barcelona area to undergo interventional endoscopy (en-
doscopic retrograde cholangiopancreratography and co-
lonic polypectomy); this may explain the relatively low
compliance to undergo follow-up anti-HCV serology.

Risk Factors for HCV Acquisition. The prevalence of
ana-HCV—positive patients admitted to the three different
wards varied daily, burt its median value was 50% (45% and
41% in the Hepatology ward and Daycare Unit, respec-
tively, vs. 55% in the Liver Surgery and Transplantation
ward; P << .01). The median number of days of hospitaliza-
tion was 1 for the Daycare Unit and 12 for both the Hepa-
tology and Liver Surgery and Transplantation wards. In
none of the three hospitalization wards were anu-HCV—
positive patients routinely isolated in individual rooms, and
nurses cared for anti-HCV—positive and anti-HCV-nega-
tive patients simultaneously. The mean number of hours of
nursing care per patient day was 6.5.

A total of 1,301 anti-HCV-negative parients with
complete follow-up were included in the study. The num-
ber of invasive procedures registered during the study pe-
riod was 4,467. Most of these procedures were diagnostic
or therapeuric endoscopies (1,648 including endoscopic
retrograde cholangiopancreratography), radiological pro-

cedures requiring intravenous contrast (1,175 including
angiography), interventional ultrasonographies (583), he-
patic hemodynamics (468), large-volume paracentesis
(267), and percutaneous or transhepatic colangiographies
(253). Four hundred thirty-six patients (33%) underwent
surgical procedures (62 liver transplantations), and 249
(19%) received blood products.

Six patients (0.46%) acquired HCV infection during
the study period (four in the Liver Surgery and Transplan-
tation ward, one in the Hepatology ward, and one in the
Daycare Unit). This number represents an annual inci-
dence of 0.27 cases per 100 admissions. Taking into con-
stderation the total number of beds (46) and the median
prevalence of anti-HCV-negative patients (50%), this
figure would translate inro 11.8 cases of nosocomial HCV
infection per 100 treatment years. The baseline characrer-
istics and the potential risk factors of these patients, as well
as the most relevant features of HCV infection, are sum-
marized in Table 2. HCV infection was derected via anti-
HCV seroconversion in 4 patients, whereas in 2 liver
transplant recipients HCV infection was identified via
alanine aminotransferase elevation after hospital dis-
charge (anti-HCV became positive after 12-months in
one of them). HCV RNA was positive in all but one of the
infected individuals at the time of anti-HCV detection or
alanine aminotransferase elevation. In the only individual
with negatdive HCV RNA, aminotransferases were within
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Table 3. Risk Factors for HCV Acquisition Identified During the Study Period

Noninfected Odds
infected (n = 6) (n = 1295) P Value Ratio 95% CI

Days hospitalized 33 (14-63) 2(1-121) <.001 R
Hospitalization >10 d 6 (100%) 351 (27%) <.001 35 1.96-622
Anti-HCV -+ roommate 5 (83%) 961 (74%) 5 -
Days hospitalized with anti-

HCV + roommate 16 (0-44) 1 (0-49) .015
Hospitalization with anti-

HCV + roommate >5 d 5(83%) 389 (30%) 011 12 1.39-103

NOTE. For zero count cells a 0.5 value was used to calculate odds ratio (95% Cl).

Abbreviation: NS, not significant

the normal range and the presence of anti-HCV was con-
firmed via recombinant immunoblort assay. We assumed
that the patient, who was the living donor of a right he-
patic lobe, had hepatitis C but was able to clear HCV.
Despite the small number of patients who became in-
fected during the study period, we identified several risk
factors for HCV acquisition (Table 3). The most relevant
differences between patients who did and did not acquire
HCV during the study period were a longer hospitaliza-
tion (33 days vs. 2 days; P <<.001), longer hospitaﬁzation
with anti-HCV-positive roommates (16 days vs. 1 day;
P = .015), surgery (83% vs. 25%; P = .005), and trans-
fusion of blood derivates (83% vs. 19%; P = .001). In
addition, patients who acquired HCV had undergone
more invasive procedures compared with patients who
did not acquire HCV (5 vs. 2; P = .018). Importantly,
HCYV infection occurred in 1.7% of the 357 patients who
required hospitalization longer than 10 days. The latter
group of patients had severe underlying conditions more
frequently than patients admitted for a shorter period
(cirrhosis, 44% vs. 15%; hepatocellular carcinoma or col-
angiocarcinoma, 14% vs. 7%; liver transplantation, 18%
vs. 4%; P < .001 in all cases). In patients with cirrhosis
who were hospitalized for more than 10 days, admission
tor sepsis, refractory ascites, or hepatorenal syndrome was
more frequent than for gastrointestinal bleeding or he-

patic encephalopathy. As expected, patients who were .

hospitalized for more than 10 days underwent a signifi-
cantly higher number of invasive procedures (4 vs. 1; P <
.0001).and spent more days with.an HCV-positivel room-
mate (8 vs. 1; P < .0001).

Phylogenetic Analysis. HCV sequences from the 5

patients who became infected during the study (and had -

detectable HCV. RNA) and from individuals with the
highest probability to be the source of infection were in-
cluded in a phylogenetic analysis (Fig. 1). Patient 1 was
infected with genotype 1a, patient 2 with genotype 3a,
and patients 3, 4, and 6 with genotype 1b.

21009606
21367809
Genotype 13 —_E 21074

Fig. 1. Phylogenetic tree of partial E2 sequences from patients inves-
tigated during the study period. HCV sequences of patients who acquired
HCV during the study are depicted in different gray tones (patient 1,
patient 2, patient 3, patient:4, and patient 6) and HCV sequénces from
patients who were investigated.as their possible source of infection are
represented in the same. gray tone, respectively. For patient 1, we
included his only roommate (1a); for patient 2, three different room-
mates (2a, 2b, 2¢); for patient 3, two différent roommates (3a, 3b); for
patient 4 (who did not have HCV-infected roommates), two HCV-infected
individuals who shared the same nurse team (4a, 4b); and for patient 6,
three different roommates (6a, 6b, 6c). The phylogenetic analysis dis-
closed that patient 1 and his only roommate (1a), patient 3 and one of
his roommiates (3a) and patient 6 and one-of her rrommates (6a) were
infected by:HCV strains' that were genetically very closely related. For
patient 2, we expanded the analysis to patients who shared the same
nurse team (2d.and 2e), and for patient 4, we included HCV sequences
from patients who shared ‘a‘ward during her admission period (4c, 2a,
4d, de, 41, 4g) and from patients. who underwent a. CT scan and
colonoscopy at the same session (4h and 4i). For.patient 2, the source
of infection was identified as an HCV-infected patient who shared the
same nurse team (2d). For patient 4, the source of infection was not
‘identified. Only boostrap values considered significant (higher than 800)
are reported; analysis was iperformed on 1,000 replicates. Because only
2 of the analyzed patients were infected with genotype 1a (patient 1 and
la), we included three genotype 1a sequences from GeneBank
(af009606, af387809, d1074). We:also included a prototype 1b HCV-)
sequence. A prototype genotype 3-NZL1 sequence is included as the
outgroup sequence. Pat, patient.
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For patients 1, 3, and 6, the source of infection was
identified as their respective HCV-infected roommates.
For patient 2, who was infected with genotype 3, phylo-
genetic analysis disclosed that another genotype 3-in-
fected individual who shared the same nurse team was
infected with a genetically very closely related HCV
strain. Regretfully, we were not able to find the source of
infection for patient 4 despite a thorough molecular anal-
ysis (Fig. 1). A careful interview of the patient excluded
risk lifestyle practices; her family members were anti-
HCYV negative. Although the patient had been transfused,
follow-up of potentially implicated donors and retesting
of their stored samples failed to demonstrate HCV infec-
tion in any of them. None of the health care personnel
involved in this patient’s care was ant-HCV positive.
Because this patient had been admitted to other units in
the hospital during the study period, we cannot exclude
that she acquired HCV in another ward.

Molecular analysis could not be performed in the pa-
tient who cleared HCV. Apart from sharing a room with
an HCV-infected individual (the recipient of the patient’s
right hepatic lobe), a thorough interview excluded any
other known risk factors for HCV acquisition. Family
members living with the patient were anti-HCV negative.
In addition, the health care personnel involved in the
patient’s care during his hospiralization tested negative for
anti-HCV. Because ot the temporal sequence of events,
we presume that this patient became infected during his
admission period and that the most likely source of infec-
tion was his roommate. This is furcther supported by the
fact that both individuals shared the same HCV geno-
type, as confirmed with a serotyping assay.

Although it was unfeasible to determine the exact
mechanism of patient-to-patient transmission, nurse co-
ordinators in the involved wards performed an exhaustive
survey of personnel adherence to universal precaution
measures. The following breaches were detected in excep-
tional occasions: fatlure to change gloves or wash hands
berween different patient manipulations, failure to dis-
pose of intravenous catheter tips after. manipulation, and
failure to sterilize tourniquets. In addition, exchange of
personal items (razors, toothbrushes) berween patients
sharing a room was identified in a few instances.

Discussion

Nosocomial HCV infection has relevant medical and
legal implications. Although acute hepatitis C is a poten-
tally curable disease, treatment is expensive, side effects
are common, and in some patients, treatment may not be
feasible. In patients progressing to- persistent infection,
treatment is not as effective and the possibility of progres-
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sion of the disease causes significant.concern to the in-
fected individual. As seen in this study, HCV infection
can progress rapidly to cirrhosis in immunocompromised
patients, such as liver transplant recipients. Except in the
rare event in which an HCV-infected health care worker is
the source of infection or in cases of circumscribed epi-
demics,>? demonstration of the mechanism of nosoco-
mial HCV  transmission is  exwemely difficult.
Nevertheless, acquisition of HCV infection in the hospi-
tal setting can generate long and expensive legal claims.

For various reasons, liver units of tertiary care centers
can be considered high-risk settings for nosocomial HCV
transmission. First, the prevalence of HCV infection is
high in patients admitted to liver units. Second, HCV-
infected patients are not physically separated from nonin-
fected individuals; consequently, chances of patient-to-
patient transmission do exist. Finally, patients admitted
to liver units {e.g, patients with decompensated cirrhosis,
recipients of liver transplant) require close nursing care
and often undergo invasive diagnostic and therapeutic
procedures. Despite the above-mentioned arguments,
there are no studies analyzing HCV transmission in liver
units.

This prospective study showed that nasocomial trans-
mission of HCV can occur despite careful observartion of
universal precautionary measures. Although the overall
incidence of HCV transmission was low, our results show
that certain groups of patients (these with severe under-
lying conditions requiring long or frequent hospitaliza-
tons) are clearly at increased risk of HCV acquisition.
Patients who acquired HCV infection underwent sur-
gery, transfusion of blood products and invasive proce-
dures more frequently than patients who did not acquire
HCYV during the study. However, the latter variables are
indicative of severe medical conditions requiring pro-
longed hospitalizations. In fact, phylogenetic analysis of
recovered HCV sequences disclosed that patient-to-pa-
tient transmission—not the procedures themselves—was
the main mechanism of HCV spread. Importandy, in 3 of
the 4 cases in which the source of infection was identified,
it corresponded to an HCV-infected roommate.

This study had some limitations. Because the nursing
staff was fully aware of the aims and methodology of the
study, the implicated personnel was careful in the obser-
vance of safe practices. This behavior might have had an
impact on the study by underestimating the real incidence
of HCV nosocomial infection. Another limitation of the
study was that we were not able to precisely identify the
mechanisms leading to HCV patient-to-patient transmis-
sion. Prolonged hospitalization involves many health-re-
lated procedures that increase the risk of patient-to-
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patient transmission. The latter might occur via direct
transmission through close personal contact of blood or
secretions (e.g., during manipulation of intravenous cath-
eters and surgical wounds or during blood sampling) or by
accidentally shared contaminated equipment or un-
changed gloves. Furthermore, exchange of personal items
between patients sharing a room was detected during the
study and could explain HCV infection. Clearly, HCV
transmission among patients not sharing a room would
occur through a vector. Nurses perform most of the pro-
cedures involving manipulation of contaminated blood or
body fluids; consequently, they appear to be the most
likely intermediary of HCV transmission.

Despite the awareness of the health care personnel on
the study and the careful observance of safe practices,
sporadic breaches of universal precaution measures were
detected during the study period. Therefore, continuous
reinforcement of adherence to universal precautionary
measures is essential to reduce nosocomial HCV trans-
mission.

The toral hours of nursing care provided to patients
admirted to the different wards can be considered within
a normal range.?* However, licensed practical nurse hours
and aide hours are included in this figure. There is a
positive celationship between the hours of care given by
registered nurses and the length of stay and rates of infec-
tions in medical and surgical patients.*> Therefore, it is
likely that increasing the number of hours of care by reg-
istered nurses per patient day would have had an impact
on HCV patent-to-patient transmission. Another ap-
proach aimed at reducing the incidence of HCV spread
would be to isolate patients at high risk (those with severe
underlying conditions in whom long hospitalization is
anticipated) in individual rooms and to prevent nurses
from simultaneously caring for HCV-infected and non-
infected individuals. The latter would avoid the sharing of
potentially contaminated: paraphernalia by, roommates.
We are aware that -implementation of the above-men-
tioned strategies would complicate routine clinical prac-
tice and increase the use of resources. However, it is
important to steess that, the implementation of similar
policies in other hospital settings has been successful in
reducing the incidence of nosocomial HCV wansmis-
sion.!7:23 . o . _

In summary, the main mechanism of nosocomial
HCV transmission in the hospital setting is patient-to-
patient transmission. Because its incidence is not high and
infection is often asympromatic, nosocomial HCV infec-
tion is usually not identified and probably underesti-
mated. Our dara strongly suggest that patients requiring
long or frequent hospitalizations are at higher risk of

FORNS ET AL. 121

HCV acquisition. Continuous reinforcement of universal
prevention rules is essential to prevent nosocomial HCV
infection. When possible, isolation of patients at higher
risk in individual rooms might be implemented to reduce
the risk of HCV acquisition.

The nucleotide sequence data reported herein have

been assigned GenBank accession numbers AY769869-
769893.
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