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Abstract

INTRODUCTION

Most blood transfusions occur in female patients. The introduction of serologic screening practices by
blood banks reduced the transfusion-related rate of infection with hepatitis C virus (HCV). In Mexico
patients with pre-1994 transfusion history are at high risk of being detected with HCV infection. We
aimed at establishing an interrelationship between two variables: pre-1994 transfusion history and
rate of infection in women treated in the Guadalajara Metropolitan Area hospitals, in Mexico.

METHODS

Analytical observational case-control study which included both non-infected women and patients
diagnosed with hepatitis C virus infection, in whom the pre-1994 transfusion history was determined.
The cases were 150 women with confirmed hepatitis C virus serologic diagnosis. The controls were
150 women whose hepatitis C virus-detection serologic tests had yielded negative results.

RESULTS

An odds ratio of 9.07 (95% CI: 5.37 - 15.3; p< 0.001) was found where the rate of infection for the
case group was 0.72 while the control group had a ratio of 0.22; population attributable risk (PAR)
was 0.64 (95% CI: 0.53 - 0.73), while etiologic fraction was 0.88 (95% CI: 0.81 - 0.93).

CONCLUSIONS

Among women, having been exposed to pre-1994 blood transfusion means a risk 9.07 times higher
than not being exposed to blood transfusion in the same time frame.
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Introduction

Blood transfusion, a life-saving option for patients who
have lost blood or suffer from anemia, carries risks for the
patient. Regarding Hepatitis C, in Mexico, before 1994
blood screening tests to guarantee safe blood transfusions
were not available. Nowadays, nucleic acid technology
(NAT) is available for early viral detection. Early viral
detection has allowed for a reduction of the so-called
window period, during which viremia occurs making
hepatitis C virus detection possible [1].

Since the nineteen seventies, descriptions of a new type of
hepatitis proliferated, which was quite frequently found in
patients who had received blood transfusions, and which
was not related to any other type of hepatotropic virus.
Originally, the newfound virus was named HNANB
(Hepatitis Not A, Not B); and by 1975, the literature blames
the new virus for 90% of transfusion-related cases of
hepatitis [2].

The real ratio of transfusion-related hepatitis C virus (HCV)
infection cases is currently unknown, although transfusions
are the most widely acknowledged hepatitis C virus single
source of infection, accounting for 7 to 10% of patients with
various transfusions [3]. At present, blood transfusions can
be considered safe, but that has not always been the case.
Advances in transfusion medicine during the first half of the
twentieth century allowed for the widespread clinical use of
blood and blood derivatives, which contributed to the
spread of transfusion-related hepatitis C virus
infections [4].

Hepatitis C virus was discovered in 1989. However, in 1993,
the Mexican Official Norm NOM-003-SSA2-1993, required
blood banks to screen for hepatitis C virus antibodies of all
blood donors, but it was not until the following year (July
18th, 1994) that the norm was published in its final
form [5].

The Central Blood Bank of the Western National Medical
Center in Guadalajara, which belongs to the Mexican Social
Security Institute (IMSS) found, after a 10-year study that
compared the different hepatitis C virus screening
techniques, that ELISA (Enzyme Linked Immunosorbent
Assay) returned 1% positive serologic results, whereas the
percentage was 0.96 for EIA (enzyme immunoassayl:
microparticles) and 0.91 for chemoluminescence [6].

A paper published in Spain [2] comprehensively reports on
the legal requirement for all donors in that country to be
screened for hepatitis C virus, which was effective during
1990, four years before Mexico, and two years before the
introduction of similar measures in Hawaii, which
introduced screening tests in 1992 [7].

The potential risk of transfusion-related transmission of
infection can be estimated by analyzing blood donors’ data,
screening procedures that were followed and the
prevalence of markers in the target populations. The
estimation of such risks is useful in keeping track of blood
transfusion safety and providing data for an informed
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medical decision in considering to the suitability of
allogeneic transfusion over other therapeutic measures [8].

Risk per unit of exposure in the case of hepatitis C virus is
the same regardless of blood component type used in
transfusion (red blood cells, platelets, plasma or
cryoprecipitates). Screening of blood donors is of
paramount importance in Latin America, where first-time
donors, who are more likely to be carriers of viral infections,
provide most of the blood supply. The supply from repeated
altruistic blood donors who are followed periodically and
thus less likely infection carriers are a rarity in the region.

Hepatitis C virus infection is more frequently found in
patients between the ages of 40 and 50 and it is the most
common cause of hepatitis and cirrhosis of the liver
worldwide [9]. At present, there is no vaccination available
to prevent hepatitis C virus infection. Therefore, the
planning of prevention and treatment strategies requires
full understanding of the risk factors involved. Based on this
study, knowing the risk of hepatitis C virus transmission
due to pre 1994 blood transfusions is vital to implement
blood screening that must impact in the early detection of
this disease. Our main focus is: requiring serologic
screening practices to detect hepatitis C virus in female
patients who have received a pre-1994 blood transfusion,
due to the higher risk that has been detected to acquire the
infection through these conditions.

Methods

Case-control study design with the aim of measuring the
link between pre-1994 blood transfusion history and
hepatitis C virus infection risk in female patient. The study
followed women who were being treated by the Mexican
Social Security Institute in one of the Guadalajara
Metropolitan Area, in Mexico. The group of controls, all
under treatment, between January and December 2014
were treated at the Gineco-Obstetrics Unit of the High-end
Clinic located in the Western National Medical Center
(CMNO in Spanish) of Guadalajara, were female patients
who had transfusion history, but negative hepatitis C virus
screening test results.

The cases were women who between January 2007 and
December 2014 had been diagnosed with hepatitis C virus
infection and informed by the Information and Strategic
Analysis Unit of the CMNO, who are sent their test results.
All patients were resident in the Guadalajara Metropolitan
Area. The control patients have the same characteristics as
the case patient (transfused and attended women in a
second level hospital of the metropolitan area of
Guadalajara, only they did not present the hepatitis C virus
infection which corresponds to our independent variable).
Case patients were also transfused and cared for in the
second level hospitals in the metropolitan area of
Guadalajara, except that they presented a positive
diagnosis for hepatitis C virus infection, in both groups the
transfusion history was sought before 1994 (our variable
dependent). Both the confirmation of hepatitis C virus
infection in the patients as well as the disposal of the
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infection in the control patients were performed by positive
antibodies and diagnosis included the identification of
hepatitis C virus antibodies, and diagnosis confirmation by
the Blood Bank at the CMNO which used nucleic acid
amplification tests, both probing and alternative nucleic
acid technology were positive: COBAS Amplicor HCV,
Version 2.0, lower limit: ARN 50 UI / ml in plasma and 60
UI / ml in serum with two-pool coordinated positivity which
represent our only target variable.

We are aware that neither controls nor cases were deemed
exposed to a high risk of bias, which were taken into
account as risk factors such as intravenous drug use, sexual
promiscuity, tattoos or use of hemodialysis, so it was
necessary to have a control over them. And the decision
was not to allow women who present these risk factors.

Sample size was 150 cases and 150 controls, useful to
determine the association of hepatitis C in women with a
history of transfusion (considering an odds ratio of 2 or
more), when exposure (prior to 1994) in (95% confidence
level and 80% power). A methodology used by Contreras et

al., 2011 to ensure a reliable sample size in studies where
surgical procedures represent a risk factor [10]. The
software used in this work was Epi Info 7.

Results

The results showed that the mean age in the controls was
45.6 years with a standard deviation of 16.1, mean age in
the cases was 52.8 years with a standard deviation of 12.8,
and both groups had no associated confounding variables
(Table 1). One single transfusion is the most common
number (mode) in the clinical history of patients within the
case group, accounting for 96 patients, or 64% of the
sample (table 2). There was a high frequency of the risk
factor (pre-1994 transfusion); for these patients was
72.7% of the sample (109/150 table 2). Although the
control group’s mode was still one transfusion for most
patients, the proportion concerning the sample was higher,
at 119/150, or 79.3% of the patients; notably, the
frequency of the risk factor (pre-1994 transfusion) for these
patients was lower, at 34 cases or 22.7% of the sample
(table 3).

Age Resident of | Previous Use of Intravenous
. x . Tattoos
(years) Guadalajara | surgery | hemodialysis drugs
Controls 45.6%16.1 150 0 0 0
Cases 52.8+12.8 150 0 0 0
Table 1. Description of sociodemographic variables of both groups.
Number of transfusions 1 2 4 5 6 10 15
Controls 119 25 2 1 0 0
Cases 96 29 9 1 2 2 1
Table 2. Number of transfusions as antecedent in both groups.
Cases Controls Totals
Exposed 109 34 143
Unexposed 41 116 157
Totals 150 150 300

Table 3. Contingency table for cases and controls.

Additionally, subjects in both samples were re-grouped
according to risk factor exposure or lack thereof (Table 3).
The resulting odds ratio was 9.07 (Confidence Interval 95%
from 5.37 to 15.3. Significance level was tested by

performing a chi-squared test (73.12 p< 0.001). Moreover,
exposure rates were calculated (Table 4) to determine
attributable fraction values (Table 5).

Estimate with confidence interval 95%

Proportion of exposed cases

0.72 (0.65 — 0.80)

Proportion of exposed controls

0.22 (0.16 — 0.30)

Table 4. Exposure proportions in both groups.

www.medwave.cl

doi: 10.5867/medwave.2016.02.6886



meiave

Lower limit of Upper limit of
Fraction 95% confidence | 95% confidence
interval interval
Popt{latlon attributable 0.64 0.53 0.73
fraction
Attributable proportion 0.88 0.81 0.93
among the exposed

Table 5. Attributable fractions.

The measures of association in cases and controls, based
on the comparison between the frequencies of the damage
in different groups, can be made through odds ratios or
their differences (attributable risk and attributable
fraction). In this case the fraction attributable or
preventable for the population is an impact measure, this
assuming that the exposure to an etiological agent is
causal. Having obtained a p less than 0.05 indicates that it
is possible to discard chance as an explanation of the
observed association with a reduced probability of
committing the error of the first type (to make an improper
rejection) [11].

Discussion

The main contribution of this study is that it made it
possible for us to establish the odds ratio pertaining to the
variable “pre-1994 transfusion in female patients” as a risk
factor for hepatitis C virus infection in the Guadalajara
Metropolitan Area, in Mexico, which had not been
previously reported in the literature. As we compare our
findings with those of similar studies, we find that a study
done in Hawaii reveals that hepatitis C virus infection is
frequently found in patients between the ages of 45 and 65
(prevalence of 8.4%) more than other age groups [12]. The
average age of our subjects was similar to theirs at (mean
52.6 + 12.7 SD).

Within this research, it was found that the odds ratio of pre-
1992 transfusion was 1.67 (confidence interval 95%: 1.24
- 2.24, p<0.001); multivariate analysis (logistic
regression) including four more variables (tattoos or other
piercings in precarious sanitary conditions, exposure to
blood-contaminated needles, HCV+ sexual partner, use of
injected drugs) returned an odds ratio of 1.91 (95%
confidence Interval: 1.35 - 2.70, p<0.001). Paradoxically,
only males kept statistical significance when stratified by
sex: 1.92 (95% confidence Interval: 1.28 - 2.89,
p=0.002); females 1.85 (95% confidence Interval: 0.94 -
3.65, p=0.074); [12], the difference observed when
compared to our findings can be explained taking into
account the fact that in Hawaii, blood transfusion in women
does not have so long a tradition as is the case of Mexico,
where transfusion is used as therapy for labor hemorrhage,
which accounts for 25% of complications [13].

A similar study, which intended to measure the prevalence
of hepatitis C virus infection in two IMSS hospitals in
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Puebla [14] by studying the same risk factors heretofore
mentioned, found that hepatitis C virus infection rate in
Mexico is 30% to 35% in patients with active
hepatitis [15], [16],[17]. Unlike the present study, they
included one more year as risk factor, looking at patients
with blood transfusion history previous to 1995; the data
identified that from a total 6,561 patients in one of the
hospitals (Clinic 6), 1,608 had been exposed to the above
risk factor (24.5%), and in the other hospital (Clinic 55),
2,018 were identified with the risk factor from a total of
5,954 patients (33.9%); Multinomial logistic regression
returned the finding that only pre-1995 transfusion was
statistically significant for viral contagion (p=0.004) [14].
Besides, patients were stratified by age groups: 362 of
them were younger than 30 years of age (16.9%), 1,758
(41.8%) were aged between 31 and 50, whereas 1,491
(56.7%) were older than 50, which coincides with the
findings reported elsewhere in pointing at mature and
senior patients as more likely to be affected by the
virus [14].

Yet, another similar study in Catanduva a province of Sao
Paulo, Brazil, found that transfusion-related hepatitis C
virus transmission has been described comprehensively.
Prevalence of infection in Brazil is similar to Mexico, which
is between 1% and 2% of the population [18].
Furthermore, a recent case-control study that sought to
measure a number of risk factors (intravenous drugs, blood
transfusion, tattoos, among others), with a prevalence of
male patients (68.9%) in the sample [19] giving a
difference from our research that shows this data in both
genres.

The risk factor “blood transfusion history” is key to our
findings. They found 55 exposed cases and 135 non-
exposed cases, compared to 20 exposed controls and 170
non-exposed controls; the above returns a raw odds ratio
of 3.92 (95% confidence interval: 2.07 - 7.38);
multivariate logistic regression returned an odds ratio of
7.33 (95% confidence interval: 2.44 - 22.0) [19].

The above study found that 28.9% of subjects had blood
(or blood derivatives) transfusion history, of which 70.9%
(39/55) occurred before 1993. There was no differentiation
concerning the number of transfusion events. Multivariate
analysis returned a strong association between transfusion
history and rate of infection with hepatitis C virus [19]. The

doi: 10.5867/medwave.2016.02.6886



meiave

above results are similar to ours, except for two variables,
which were different: sex and date of transfusions. The
above study included both males and females, whereas
ours included only females; furthermore, date of exposure
to the risk factor was not reported in the above study,
stating only that 39 patients had been exposed to it.

The conclusion of our study is that females with a history
of blood transfusion previous to 1994 in the Guadalajara
Metropolitan Area have a risk 9.07 times higher when
compared to females without transfusion history previous
to 1994.

With regards to the exposure rates (Table 4), recalling the
exposed-case rate of 72% and the exposed-control rate of
22%, we can deduce that the higher exposure rate of cases
points at a risk factor which can be attributed to the
presence of blood transfusion, which can be verified by the
odds ratio.

Concerning the attributable fractions (Table 5), the
population attributable fraction represents the percentage
of all cases within the population, which can be attributed
to pre-1994 transfusion or else. In this study, the
percentage was 64% of cases which could have potentially
been prevented had the pre-1994 blood transfusion not
occurred. Similarly, the attributable proportion among the
exposed (the proportion of hepatitis C virus infection which
can be attributed to the risk factor) was 88%.

Now that we have been able to measure the size of the risk
factor, we can implement screening procedures and watch
both asymptomatic patients as well as those with icteric
syndrome (jaundice) with pre-1994 transfusion history in
order to be able to start prompt treatment after early
diagnosis.
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