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Abstract Hepatitis C virus infection is a global health
problem that has important epidemiological and clinical
consequences. It has been well established that exposure to
infected blood is the main risk factor for HCV transmis-
sion. However, in 20% of cases the agent transmission
occurs by unknown route or in the presence of an unidenti-
Wed source of infection. Understanding of the epidemiology
of HCV is needed to help us deWne future control and pre-
ventive strategies. Herein, we discuss about diagnosis of
HCV infection and hepatitis C surveillance in the context of
its transmission.
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Introduction

Hepatitis C virus (HCV) infection is a global health prob-
lem, and it is estimated that there are 170 million HCV car-
riers in the world [1]. The mechanisms that determine the
clearance or persistence of HCV have not yet been eluci-
dated. Both viral and host factors, such as HCV genotype
and diVerent vigor of the anti-viral cell-mediated immune
response, can inXuence the disease’s evolution [2].
Recently, it was demonstrated that variation in genes
involved in the immune response—such as a single nucleo-
tide polymorphism near the IL28B gene, which encodes the
type III interferon—could enhance the resolution of HCV
infection and contribute to the ability to clear the virus [3].
However, in the most infected individuals, this RNA virus
evades the immune system and establishes a chronic infec-
tion that can lead to cirrhosis, liver cancer, and death [4].

It has been well established that exposure to infected
blood is the main risk factor for HCV infection [5]. In the
transfusion context, since the introduction of blood donor
anti-HCV screening, the residual risk is essentially limited
to the units collected during the donor’s serological win-
dow period. However, this possibility has become so small
that it cannot be accurately measured by traditional
approaches, as prospective surveys of blood recipients,
because of the limited number of documented transmission
events [6]. Consequently, it can only be predicted by means
of indirect measures, such as mathematical models involv-
ing the incidence of infection and the duration of the pre-
seroconversion window period [7]. On the other hand, there
are also risks associated with others modes of transmission
linked to social, cultural and behavioral practices, involving
percutaneous procedures, which has been related but poorly
understood [8]. Despite these possibilities, in the most
cases of HCV infection the source of infection or route of
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transmission cannot be clariWed. Besides, another problem
about HCV transmission has been associated with the diag-
nosis of acute infection which can be diYcult to prove. This
occurs in due to, given the largely asymptomatic nature of
the acute infection, the most patients with newly acquired
HCV infection do not present with an acute hepatitis ill-
ness, and as a result few cases come to medical attention or
are tested for evidence of HCV infection [9]. In this article,
we discuss about surveillance and hepatitis C diagnosis in
the context of its transmission.

Hepatitis C virus: transfusion and possible routes of 
transmission

With the serological test currently licensed, it is estimated
that the residual risk of transfusion-transmitted HCV infec-
tion is 1 per 100.000 donations of according to the mathe-
matic model of Schreiber et al. [7]. This occurs due to the
limited capacity of HCV immunoserologic tests to detect
blood infectivity only 70 days after acute infection (win-
dow period) [10]. Employment of genomic ampliWcation
tests (NAT) in donors screening allowed the detection of
HCV infection about 50–60 days earlier than current anti-
body-based tests, resulting in a windows period of approxi-
mately 11 days, i.e., almost 80% of period reduction
achieved by serological methods [10, 11]. Although imple-
mentation of these tests has signiWcantly reduced the trans-
fusion-transmitted HCV infection, it is known that there is
a residual risk of acquiring hepatitis C through blood trans-
fusions, which can range from 0.1 to 2.3 per million dona-
tions, depending on the region [6].

Although blood transfusion is the main way of HCV
transmission, it is not the only one. It is recognized that
hepatitis C virus infection can also occur through percuta-
neous injury using instruments with HCV-infected blood,
such as, needles/syringes, piercing and tattoos instruments,
nail clippers; major/minor surgery and dental procedures
[12], besides the sexual transmission, although not being a
classical and eYcient route for HCV spread admitted, this
possibility has not been rule out [13]. By the way, it is
important to point out that 5% of all HCV cases occur by
sexual route [14] and in 20% of cases, the agent transmis-
sion occur by unknown route, although RNA-HCV detec-
tion has been achieved from the saliva, breast milk, urine,
feces, semen and cervico-vaginal secretions [14]. Addition-
ally, it has been established that HCV perinatal transmis-
sion is possible, and the risk is approximately 5%, but
breast-feeding has not been widely reported [15].

Although sexual transmission of HCV is ineYcient and
rarely admitted, outbreaks of sexually transmitted HCV
infections have been reported among HIV-infected men
who have sex with men (MSM), through linked molecular

and clinical epidemiological studies [16–18]. Using phylo-
genetic analysis, HCV strains isolated from HCV-infected
individuals have been compared with those isolated from
MSM with HCV infection and revealed monophyletic clus-
ters of MSM-speciWc HCV strains [17, 18]. From these
Wndings, it has been possible to demonstrate increase of
HCV infection prevalence among HIV-positive men and,
also especially, support sexual HCV transmission [16, 18].

In mother to child transmission context, the exact time
during pregnancy or delivery that HCV transmission occurs
is unclear. It has been postulated that both “intrauterine”
[19] and “intrapartum” [20] infections may occur, but the
relative contribution by each route remains poorly quanti-
Wed and diYcult to establish. In a study to investigate when
HCV infection from mother to child occurs and to evaluate
possible associated factors, Mok et al. [21] tested 54 HCV-
infected children within 3 days of birth and their mothers
by HCV RNA PCR . It was showed that 17 of the children
(31%) were positive in the Wrst 3 days of life, and it could
be assumed to have acquired infection in utero. In addition,
37 of the children (68%) were negative in the Wrst 3 days of
life but were positive when tested after 3 months. The
results of this study suggest that at least one-third and up to
a half of infected children acquired HCV infection in utero.
However, similar studies are infrequent, and in the majority
of cases the route of infection (whether intrapartum or
intrauterine) remains unknown.

Although postpartum transmission is also recognized,
the role of breast-feeding in transmission of hepatitis C
virus has not been properly evaluated. It has been shown
that among asymptomatic mothers, breast-feeding seems
safe. On the other hand, symptomatic women, especially
with high viral loads, should not breast-feed to avoid the
risk of viral transmission through breast-feeding [22]. Thus,
development of successful strategies to prevent mother to
child transmission of HCV depends on understanding the
timing of transmission, and associated factors, which has
been diYcult to assess [19].

Considering the possible routes of HCV transmission,
several clinical procedures, such as, hemodialysis [23],
endoscopy [7, 24, 25], invasive urologic procedures [26]
and sclerotherapy [27], because inadequate cleaning of
equipment or by the use vials multidose drugs and anes-
thetic, are risk factors and infection source, indicating pos-
sibility of nosocomial HCV transmission [28, 29]. This,
indeed, may give from patient-to-patient, being this risk
directly associated with the number and hospitalizations
long time occurring in the same environment with infected
individuals [27, 30]. In this context, the frequent percutane-
ous procedures provide many opportunities for contamina-
tion of surfaces and instruments with small amounts of
HCV-infected blood, which frequent hospitalization associ-
ated and contact with the environment include risk factor to
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HCV infection. Several reports indicate that medical treat-
ment could be the cause of HCV transmission in some
patients with acute hepatitis, and inadequate procedure was
identiWed in most cases of suspected or proven nosocomial
transmission of HCV [7, 27].

Obviously, it must be highlighted also the substantial
risk of HCV transmission to health care workers in this
environment, since it has been reported seroconversion of
workers after percutaneous or mucocutaneous exposure to
the blood or body Xuids of HCV-infected patients [31,
32]. Similarly, it is of major importance to detect health
care workers with HCV infection and establish regula-
tions of how to deal with infected individuals working in
speciWc health care setting, which currently there are not
[33]. This strategy would also be of great value in preven-
tion of health care worker-to-patient transmission of
HCV.

However, cases of hepatitis C virus without infection
source and transmission route could be clariWed has been
observed and described in literature. Recently, a 31-year-
old woman was admitted at the hospital and underwent
plastic abdominal surgery in January 2009 (case not pub-
lished). On admission, the patient’s serological status for
HCV was not known. During surgery, she received two
units of red blood. The HCV serological and molecular sta-
tus of the blood donors was, respectively, determined by
Murex Diagnostic HCV, version 4.0 and TMA HIV-1/HCV
Procleix Assay Gen-Probe Incorporated (Chiron) with an
estimated 100% detection limit for each single sample of
100 copies/ml. Two months after surgery, she demonstrated
elevation of serum alanine aminotransferase (ALT) levels
(870 U/l—Normal: <40 U/l) and was seropositive with OD
of >3.000 and CO value of 0.705 in an anti-HCV immuno-
enzimatic assay (Murex Diagnostic HCV, version 4.0). By
using NAT TMA HIV1/HCV Procleix Assay, the HCV
infection was conWrmed. Additional search for anti-HIV1
and anti-HIV2 antibody using the Genscreen kit (Biorad)
was negative. Hepatitis B surface antigen (HBsAg) was
negative as well as antibodies to HBsAg (anti-HBs) and
antibodies to hepatitis B core antigen (anti-HBc), using
Biorad assays.

The stored serum samples from each of two blood cells
donors were tested again and conWrmed negative using
NAT TMA. The donors involved in that donation were
notiWed, and in May 2009 another sample was collected for
serological and molecular status HCV revaluation. They
were negative for HCV infection. The patient had a history
of blood transfusion in 2005, and there was no history of
intravenous illicit drugs use. Her husband is negative for
HCV.

Another case has been described in literature and high-
lights the diYculties to encounter and ascertain the actual
cause of HCV infection among individuals who have nei-

ther injected drugs nor received blood or a blood product
transfusion [8], or who has undergone another of risk
events identiWed [34]. Accordingly, rigorous epidemiologi-
cal studies on HCV infection have shown the prevalence of
patients in whom it is not possible to identify any risk factor
for acquiring the infection ranges from 10% [35] to 14%
[36]. In addition, some studies have suggested the eYcacy
of the directed history is limited, and it has demonstrated
that there is little beneWt in routinely interviewing those
HCV-infected people who have no history of injecting
drugs or of having received a contaminated blood product
transfusion [8]. This situation suggests that unknown routes
of transmission, diVerent from percutaneous route and from
at-risk sexual contact, exist [37]. Among these routes, the
sharing oral or nasal inhalation drugs equipments, as pipers
or straws, could be included [38, 39].

Hepatitis C virus: acute infection or an acute 
exacerbation of chronic infection?

Hepatitis C virus infection can be divided into three clinical
groups: “Resolved Infection” (15%), deWned in patients
who are anti-HCV antibody positive and HCV RNA nega-
tive and have normal alanine aminotransferase (ALT) lev-
els; “Persistent infection/death” (15%), as in patients who
are HCV antibody positive and HCV RNA positive and
have elevated ALT levels; and, Wnally, “Benign persistence
disease”, involving approximately 70% of cases in which
patients are HCV antibody positive and HCV RNA positive
and have normal or mildly elevated ALT levels (CDC
National Center for Infectious Disease Report, www.cdc.
gov/ncidod/doseases/hepatitis/c,2001). However, what has
been observed is that HCV acute infection diagnosis is
diYcult to be established. The investigation into IgM anti-
bodies, the usual serological marker of acute infection, is
unreliable in the context of HCV infection [40, 41]. Current
algorithms for the diagnosis of HCV infection involve the
detection of anti-HCV antibodies and/or HCV RNA in a
serum sample. While such testing is able to distinguish
between past, cleared HCV infection, and current infection,
it does not allow discriminate between acute infection (or
chronic) and an acute exacerbation of chronic infection
[42]. In addition, the clinical diagnosis even in a patient
presenting with an acute jaundice and possibly even a his-
tory of recent exposure may have an extremely low sensi-
tivity—since the most of acute cases are asymptomatic
(85–90%)—and will also have a low speciWcity, consider-
ing the impossibility to distinguish acute infection from an
acute exacerbation of chronic infection [42].

In some countries of Europe, like England and Nether-
lands, there are surveillance systems to record new diagno-
sis of HCV infection based on the positive serology and
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HCV RNA detection (HPAAR). Despite this strategy, these
data are insuYcient to distinguish between acute and
chronic infection. In the USA, there is a similar scheme to
report cases of acute viral infection implemented by CDC
[43]. For HCV, the deWnition of acute infection case has
both clinical and laboratory components. Despite including,
it does not discriminate between acute infection and an
acute exacerbation of chronic infection [42].

Cases of reactivation or recurrence of chronic hepatitis
C, occurring after immunosuppressive therapy [44, 45],
surgery [46], transplantation [47, 48] or even postpartum
[49], have been described. Under the immunological point
of view, these reports may be justiWed since on those clini-
cal situations a immunosuppression established could be a
factor predisposing to the viral agents reactivation such as,
HBV, CMV (and other virus herpes), and HCV, as has been
widely observed [50]. This Wnding, however, has only been
possible when it is known the prior patient’s serological
status.

Even with the diYculties of establishing the HCV diag-
nosis infection acquired recently, some publications have
shown that the illicit use of intravenous drugs is the largest
risk factor for the acute cases [12, 13]. In accordance with
Irving et al. [39], 54% of acute cases include intravenous
drugs users’ population, followed by 16% in individuals
who underwent surgery, 10% associated with sex with
known HCV-positive partner and 1.5% of cases by occupa-
tional exposure.

Conclusion

Although HCV is a transmissible disease, current manage-
ment of HCV-infected patients in the most part of cases
does not reXect this fact, due to epidemiologic and clinical
disease aspects and natural history of infection. Thus, there
are little standardized public health measures to deal with
an infectious disease whose tracing contact and identiWca-
tion of the infection source is diYcult, and the route trans-
mission can be unknown. Considerable eVorts have been
implemented by governments and health departments in
disease control. However, the impact of the applied strate-
gies on prevalence and incidence of HCV infection has
been hard to assess. Meanwhile, the Wnd out of individuals
with HCV infection in health care settings has long been
recognized. HCV infection has been identiWed primarily by
routine laboratory tests in the context of viral hepatitis sur-
veillance or accidentally (as a result of screening proto-
cols), a method that likely underestimates the magnitude of
transmission. This means that the surveillance for hepatitis
C typically is passive, with little or no capacity to investi-
gate cases suggestive of transmission and to determine their
true cause.
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