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Tear Fluid of Hepatitis C Virus Carriers Could Be Infectious
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For up to 20 to 40% of patients chronically infected with hepatitis C virus (HCV), the mode of transmission
is still unknown. We demonstrate that tear fluid contains HCV RNA-carrying material with the properties of
infectious virus and conclude that smear infection with tear fluid may play a role in HCV transmission.

At present, intravenous drug abuse is the most important
known risk factor for the transmission of hepatitis C virus
(HCV), which is mainly transmitted by blood (1). Different
epidemiological studies have revealed that for up to 20 to 40%
of patients chronically infected with HCV, no known risk fac-
tors for HCV transmission can be demonstrated (1, 6). In
order to decide whether pathways other than blood can play a
role in HCV transmission, we investigated tear fluid, which
contains large amounts of HCV-carrying material (3, 7).
RNAs from 50 ml of tear fluid, collected with microcapillar-

ies, and from 50 ml of blood plasma were extracted (2) from 76
patients chronically infected with HCV who were positive by
HCV antibody testing (second-generation HCV enzyme im-
munoassay proved by a four-antigen recombinant immunoblot
assay [4]) and who had clinical evidence of hepatitis (abnor-
mally elevated alanine aminotransferase levels). Thirty-six
HCV-negative individuals served as controls. RNA was exam-
ined by reverse transcription PCR (RT-PCR) in parallel, as
recently described (3). cDNA was synthesized from RNA with
200 U of Moloney murine leukemia virus reverse transcriptase
(Gibco BRL, Grand Island, N.Y.) and 75 pmol of cDNA
primer. PCR was performed in the 59 untranslated region of
the HCV genome, as previously described (3). Amplification
products were analyzed by electrophoresis on 2% NuSieve 3:1
agarose (Biozym, Hameln, Germany). After alkali blotting on
nylon membranes (Diagen, Hilden, Germany), amplification
products were hybridized under stringent conditions with a
32P-labeled HCV-specific oligonucleotide and exposed to
Kodak XAR-5 film overnight.
All 76 patients chronically infected with HCV were positive

by RT-PCR for tear fluid and plasma. Tear fluid regularly
showed a stronger RT-PCR signal, compared with that of
blood plasma. All 36 controls were negative.
We have previously shown that HCV RNA is present in tear

fluid (3). To decide whether the positive RT-PCR results of
these 76 patients were caused by free HCV RNA or complete
viral particles, we analyzed both tear fluid and blood plasma
samples from six patients by sucrose density gradient (SDG)
equilibrium centrifugation. Therefore, 50 ml of tear fluid, col-
lected with microcapillaries, and 50 ml of blood plasma were
laid on 4.8 ml of an 8 to 56% sucrose gradient dissolved in 20
mM Tris-HCl (pH 7.4)–150 mM NaCl. After centrifugation in
a Beckman SW40 rotor at 140,000 3 g for 40 h at 48C, 10
fractions of 500 ml each were collected from the bottom of the

tube. Extraction of RNA, amplification by PCR, and hybrid-
ization were performed as described above. For five tear fluid
samples, SDG equilibrium centrifugation revealed two peaks
after RT-PCR, at densities of #1.09 and 1.17 g/ml. The tear
fluid sample of one of these six patients presented only one
peak, at a density of 1.17 g/ml. The six plasma samples showed
positive RT-PCR results, with peaks at #1.09 and 1.17 g/ml
after SDG centrifugation (Fig. 1).
Genotyping, as recently described by Simmonds et al. (8),

revealed that three of these six patients were infected with
HCV subtype 1a; the other three patients were infected with
HCV subtype 1b. There was 100% nucleotide sequence ho-
mology between isolates of tear fluid and blood plasma from
each patient.
We determined a density of between 1.06 and 1.17 g/ml for

HCV RNA-carrying material in blood plasma specimens as
well as in tear fluid specimens. Recent studies (5, 9) have
demonstrated that HCV RNA-carrying material, which bands
at these densities, correlates with the density of the complete
infectious virus. In particular, HCV RNA-carrying material
that bands at a low density (#1.09 g/ml), as observed for five of
our six patients, has been described as highly infectious (5). In
tear fluid from one of these six patients, we found only one
peak, at a density of 1.17 g/ml. This higher density of HCV
RNA-carrying material may have been due to the fact that
HCV was either bound to immunoglobulins or had lost its
envelope (5).
Our results demonstrate that tear fluid is a suitable diagnos-
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FIG. 1. Density distribution of HCV genomes in tear fluid and blood plasma
samples after SDG equilibrium centrifugation. HCV genomes were detected by
RT-PCR and subsequent hybridization with 32P-labeled HCV-specific oligonu-
cleotides. The buoyant density of each fraction is shown at the top. HCV RNA
peaks were found at densities of#1.09 and 1.17 g/ml. In particular, particles with
densities of #1.09 g/ml have been shown to correspond with infectious HCV (5).
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tic material for detection of HCV RNA. Tear fluid of a person
infected with HCV most likely contains infectious HCV parti-
cles and may therefore play a role in smear infection. Final
proof may be achieved by inoculation of chimpanzees.
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