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Abstract

Introduction: Blood transfusion saves millions of lives annually. 
However, blood transfusion is one of the leading risk factors for 
Transfusion-Transmitted Infections (TTIs). Therefore, the objective 
of this study was to explore the seroprevalence of both HAV and 
mandatory markers of TTIs in blood donors from Chiapas, Mexico.

Materials and Methods: The study included 3,067 blood donors 
from the Dr. Domingo Chanona Rodríguez Blood Bank located in 
Tuxtla Gutiérrez, Chiapas, and from 9 collection centers located in 
different regions of Chiapas. Screening was performed using En-
zyme immunoassay (anti-HAV IgM) or Chemiluminescent micropar-
ticle immunoassay (HBV HBsAg, anti-HCV IgG/IgM, HIV Ag/Ab, anti-
T. pallidum IgG/IgM, and anti-T. cruzi IgG).

Results: The seroprevalence of T. pallidum was the highest at 
1.3%, followed by the seroprevalence of HAV and T. cruzi, both with 
0.7%. Regions X and XV of the state of Chiapas presented the six 
markers of the analyzed TTIs. Blood donors at risk of being TTI reac-
tive donated in regions IX and X. However, donors with qualified 
and unqualified employment and those who have donated more 
than 2 times are considered protective factors against TTIs.

Conclusion: We observed a high seroprevalence of HAV in this 
exploratory study. It is indispensable to increase the sample size of 
blood donors from the state of Chiapas because HAV is endemic to 
Mexico and it is probably transmitted through blood transfusion. 
Also, it is necessary to augment voluntary non-remunerated blood 
donations in the state of Chiapas, mainly in the Southern border 
regions, to decrease the risk of TTIs.
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Introduction

Blood transfusion is essential for patient care and sometimes 
the only alternative for survival. When used correctly, it helps 
save millions of lives every year. Nevertheless, there is a risk 
of Transfusion-Transmitted Infections (TTIs) [1]. The risk of TTIs 
depends on several factors, such as local epidemiology, migra-
tion, and endemicity [2].

The World Health Organization (WHO) established manda-
tory screening of all donated blood for the following agents: 
HIV, HBV, HCV, and T. pallidum. Additionally, endemic agents of 
each area must be included [3]. According to regulations estab-
lished in Mexico, screening tests must be carried out for HIV, 
HBV, HCV, T. pallidum, and T. cruzi [4]. HAV screening is not a 
mandatory marker in blood banks; nevertheless, it is the most 
common viral hepatitis worldwide. In Mexico, the prevalence 
is 69.3 to 79% in the general population [5-7]. In blood donors 
from France, the United States of America (USA), and China, the 
HAV prevalence is low (IgM 0.02%-0.079%) [8-11]. However, in 
Mexico, there is no evidence in this regard.

The state of Chiapas has high levels of extreme poverty that 
favor limited conditions in alimentation and health [12-14]. Ad-
ditionally, the Southern region of Mexico where the state of Chi-
apas is located has a higher HAV seroprevalence (79.8%) in the 
general population and low socioeconomic status (82.2%) [7]. 
Therefore, the objective of this study was to explore the serop-
revalence of HAV, as well as to determine mandatory markers of 
TTIs in blood donors from Chiapas, Mexico.

Material and Methods

Blood Donors

This study included 3,067 blood donors from the Dr. Domin-
go Chanona Rodríguez Blood bank located in Tuxtla Gutiérrez, 
Chiapas, and from 9 collection centers located in different so-
cioeconomic regions of the state of Chiapas [12] (Figure 1B), 
during the period from January 2021 to April 2021. Blood do-
nors with hemolyzed samples, insufficient volume, or incom-
plete information were excluded.

Screening for Transfusion-Transmissible Infections (TTIs)

The screening tests were performed in the Architect i1000RS 
System with the Architect HBsAg Qualitative (1P97), Architect 
Anti-HCV (6C37), Architect HIV Ag/Ab Combo (4J27), Architect 
Syphilis TP (8D06), and Architect Chagas (2P25) using serum 
samples. HAV screening was performed with HAV IgM Plus 
(72491) in the EVOLIS Twin Plus System (Bio-Rad, Marnes-la- 
Coquette France). The screening assays calculate the results 
based on sample ratio (Optical density sample/Cut-off value) for 
HAV and S/CO (Sample relative light units/Cut-off relative light 
units) for the other markers of TTIs. Samples with sample ratios 
or S/CO values<1.00 were considered non- reactive, and those 
with sample ratios or S/CO values ≥1.00 were considered reac-
tive. All TTIs- reactive blood donors were repeatedly reactive, 
according to the established standards by the Official Mexican 
Norm NOM-253-SSA1-2012 [4], including HVA-reactive donors. 
All markers of TTIs were analyzed at the Centro Nacional de la 
Transfusión Sanguínea (CNTS) in Mexico City.

Statical Analysis

Statistical analysis was performed using Stata v. software 13 
(Stata Corporation LLC, College Station, USA). The percentage of 
donor characteristics was calculated; seroprevalence of mark-

ers of TTIs with 95% Confidence Intervals (CI); mean, median, 
25th and 75th percentile of sample ratio and S/CO of the mark-
ers of TTIs were obtained in duplicate. Additionally, a univariate 
logistic regression analysis was performed with characteristics 
of donors and donors reactive to TTIs. P values <0.05 are con-
sidered statistically significant.

Results

Characteristics of Blood Donors

The characteristics of the blood donors were: 32 years old on 
average, male (80%), with middle school and high school edu-
cation (50.6%), qualified employment (50.6%), blood group O 
(80.7%), family blood donation/replacement (92.1%), and first-
time donor (19.3%). In addition, region XV collected more units 
of blood (24.9%) (Table 1).
Table 1: Characteristics of blood donors.

% (n=3067) 95% CI
Age (years) 32.0 31.7 - 32.4
Sex
Male 80.0 78.6 - 81.4
Female 20.0 18.6 - 21.4
Blood collection region
I 9.6 8.6 - 10.6
V 16.0 14.7 - 17.3
VI 10.2 9.2 - 11.3
VIII 4.0 3.3 - 4.7
IX 3.8 3.2 - 4.6
X 16.3 15.0 - 17.7
XII 4.8 4.1 - 5.6
XIII 6.2 5.4 - 7.1
XIV 4.3 3.6 - 5.0
XV 24.9 23.4 - 26.5
Level of education
Illiterate 2.6 2.1 - 3.28
Primary level 23.4 22 - 24.9
Middle and high school 
level

50.6 49 - 52.4

Undergraduate and
postgraduate 23.4 22 - 24.9
Occupation
Unemployed 2.3 1.9 - 2.9
Qualified employment 50.6 48.9 - 52.4
Unqualified employment 39.5 37.7 - 41.2
Housekeeper 7.6 6.7 - 8.6
ITTs
VIH 0.2 0.1 - 0.4
HAV 0.7 0.5 - 1.1
HBV 0.3 0.2 - 0.6
HCV 0.5 0.3 - 0.9
T. pallidum 1.3 0.9 - 1.7
T. cruzi 0.7 0.5 - 1.1
Blood type
A 13.1 11.9 - 14.3
B 0.6 0.4 - 0.9
AB 5.6 4.9 - 6.5
O 80.7 79.3 - 82.1
Blood donor type
Voluntary non-remuner-
ated

7.9 7.0 - 8.9

Family/replacement 92.1 88.3 - 96.0
Number of donations
First-time 19.3 17.9 - 20.7
Repeat 80.7 79.3 - 82.1

CI: Confidence Interval. Qualified employment: Employee with more 12 years 
than of schooling. Unqualified employment: Employee with less than 12 years 
of schooling.
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Seroprevalence of TTIs

The highest seroprevalence was T. pallidum (1.3%), followed 
by T. cruzi and HAV (both with 0.7%), and the lowest was HIV 
(0.2%) (Figure 1A). In regions X and XV from the state of Chi-
apas, the six markers of TTIs were identified. Five and four 
markers were found in regions V and IX, and regions I and VIII, 
respectively (Figure 1B). HAV and HIV were detected in younger 
donors, and T. pallidum in donors with an average of 40.9 years. 
Men presented the highest seroprevalences of HBV, HCV, T. pal-
lidum, and T. cruzi; women presented the highest seropreva-
lence of HAV; and first-time donors had the highest seropreva-
lence of all markers of TTIs (Table 2).

Association of Reactive Blood Donors and their Character-
istics

Blood donors from regions IX and X are at increased risk of 
being reactive to TTIs markers. However, qualified and unquali-
fied employed donors and those who have donated multiple 
times have a protective factor against TTIs (Table 3).

Sample Ratio and S/CO of Reactive Blood Donors

HIV, HBV, HCV, T cruzi, and T. pallidum’s S/CO rates were pri-
marily from family/replacement donors with wide ranges for 
HBV. The sample rates of HAV were from both types of blood 
donors (Figure 2).

Discussion

The seroprevalence of anti-HAV IgM was high (0.7%) in blood 
donors. Additionally, we observed that the seroprevalence of 
T. pallidum was the highest in the study. The X and VX regions 
of the state of Chiapas located on the border with Guatemala 
presented all the markers of TTIs.

The state of Chiapas is located in Southern Mexico and it con-
sists of 124 municipalities that are grouped into 15 regions. It is 
bordered by the states of Oaxaca to the west, Veracruz to the 
northwest, and Tabasco to the north, and shares approximately 
600 kilometers of border with Guatemala which facilitates the 
transmission of infectious diseases by the actual migratory flow 
[12,13]. Moreover, Chiapas has high levels of extreme poverty 
that can contribute to worsening diet, educational, and health 
conditions [12-14].

An interesting finding of the study was the high seropreva-
lence of anti-HAV IgM (0.7%) in blood donors compared with 
blood donors from France, USA, and China (IgM 0.02-0.079%) 
[8-11]. It is the first exploratory study in Mexican blood donors 
because HAV is not a mandatory marker of TTIs. Mexico is con-
sidered an area of high/intermediate endemicity for HAV infec-
tion, and HAV is the most common cause of viral hepatitis [5-7]. 
The National Health and Nutrition Survey carried out in Mexico 
reported high seroprevalence of HAV (79.8%) in the Southern 
region [7], which coincides with characteristics of extreme pov-
erty and low socioeconomic status from the state of Chiapas. It 
is important to mention that the seroprevalences determined 
in Mexico were anti-HAV IgG in the general population includ-
ing age group (10-19 and 20-25 years) and other variables (gen-
der, region, type of location, and socioeconomic status) that is 
suggestive of a prior infection or innate immunity [7]. In con-
trast, our study was carried out in blood donors (18 to 65 years) 
and anti-HAV IgM was determined. A positive result suggests 
an acute infection and it is disturbing because these reactive- 
blood donors can transmit HAV to recipients.

For example, in France, thirteen asymptomatic blood donors 
were identified as HAV-positive post- donation. Unfortunately, 
platelet concentrates and erythrocyte concentrates were trans-
fused before HAV detection, and one receptor transfused with 
these components of blood was infected with HAV [9,11]. In 
the USA and China, HAV IgM seroprevalence was low in blood 
donors (0.02%, 0.079%) [8-11]. Therefore, it is necessary to in-
crease the sample size of blood donors from the state of Chi-
apas. Furthermore, a national study can be necessary for de-
termining the seroprevalence of anti-HAV IgM and identifying 
risk regions.

The seroprevalence of T. pallidum was the highest (1.3%) in 
the study. Similar results for T. pallidum were observed in blood 

Figure 1: Seroprevalence of TTIs in blood donors. A) Seropreva-
lence of TTIs, B) Seroprevalence of TTIs in map of the state of 
Chiapas by regions.

Figure 2: S/CO ratio of blood donors reactive to TTIs. A) HIV, B) 
HAV, C) HBV, D) HCV, E) T. pallidum, F) T. cruzi.
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Table 2: Seroprevalence of TTIs according to the characteristics of the blood donors.
VIH

(n=5)
HAV

(n=22)
HBV
(n=9)

HCV
(n=16)

T. pallidum
(n=39)

T. cruzi
(n=22)

% 95% CI % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI

Age (years, media) 27.0 19.7-34.2 26.9 22.8-30.9 32.0 31.7-32.4 32.1 31.7-32.4 40.9
37.3-
44.4

38.7
34.4-
43.0

Sex
Male 0.2 0.1-0.4 0.6 0.4-1.0 0.6 0.3-1.0 0.6 0.3-1.0 1.3 1.0-1.9 0.8 0.5-1.3
Female 0.2 0.0-1.2 1.1 0.5-2.4 0.3 0.1-1.3 0.3 0.1-1.3 1.0 0.4-2.2 0.3 0.1-1.3
Blood collection region
I 0.3 0.0-2.4 0.0 0.3 0.0-2.4 0 1.4 0.5-3.6 1.0 0.3-3.1
V 0 0.8 0.3-2.2 0.4 0.1-1.6 0.8 0.3-2.2 1.0 0.4-2.4 1.0 0.4-2.4
VI 0 0.0-2.4 0.3 0.0-2.2 0 0 1.6 0.7-3.8 1.3 0.5-3.4
VIII 0 0.8 0.1-5.6 0 0.8 0.1-5.6 1.6 0.4-6.4 0.8 0.1-5.6
IX 0.9 0.1-5.9 4.3 1.8-9.9 0 2.6 0.8-7.7 1.7 0.4-6.6 0.9 0.1-5.9
X 0.4 0.1-1.6 1.2 0.5-2.6 0.4 0.1-1.6 0.4 0.1-1.6 2.4 1.4-4.2 0.4 0.1-1.6
XII 0 0 0 1.4 0.3-5.3 0 2.0 0.7-6.2
XIII 0 0 0 0.5 0.1-3.6 2.1 0.8-5.5 0.5 0.1-3.6
XIV 0 0 1.5 0.4-5.9 0 0 0
XV 0.1 0.0-0.9 0.7 0.3-1.6 0.3 0.1-1.0 0.4 0.1-1.2 0.7 1.6-1.2 0.3 0.1-1.0
Level of education
Illiterate 0 0 0 1.2 0.2-8.3 2.5 0.6-9.4 1.2 0.2-8.3
Primary level 0.1 0.0-1.0 0.3 0.1-1.1 0.6 0.2-1.5 0.4 0.1-1.3 1.7 1.0-2.9 0.7 0.3-1.7
Middle and high school level 0.1 0.0-0.5 0.9 0.5-1.5 0.3 0.1-0.8 0.6 0.3-1.1 0.9 0.5-1.5 0.6 0.3-1.1
Undergraduate and postgradu-
ate

0.3 0.1-1.1 0.8 0.4-1.9 0 0.4 0.1-1.3 1.5 0.9-2.8 1.0 0.5-2.0

Occupation
Unemployed 0 2.8 0.7-10.5 1.4 0.2-9.3 1.4 0.2-9.3 1.4 0.2-9.3 2.8 0.7-10.5
Qualified employment 0.3 0.1-0.7 0.7 0.4-1.3 0.1 0.0-0.5 0.5 0.2-0.9 1.4 0.9-2.1 0.7 0.4-1.3
Unqualified Employement 0 0.5 0.2-1.1 0.6 0.3-1.2 0.6 0.3-1.2 1.1 0.6-1.8 0.7 0.4-1.4
Housekeeper 0.4 0.1-3.0 1.3 0.4-3.9 0 0.4 0.1-3.0 1.7 0.6-4.5 0
Number of donations
First-time 0.7 0.0-1.3 2.9 1.5-4.2 0.7 0.0-1.3 2.0 0.9-3.2 3.1 1.7-4.4 2.2 1.0-3.4
Repeat 0 0.0-0.1 0.2 0.0-0.4 0.2 0.0-0.4 0.2 0.0-0.3 0.8 0.5-1.2 0.4 0.1-0.6

CI: Confidence Interval. Qualified employment: Employee with more 12 years than of schooling. Unqualified employment: Employee with less than 12 years of 
schooling.

Table 3: Univariate logistic regression analysis with characteristic of 
blood donors.

OR 95% CI p value
Sex
Male ref
Female 0.8 0.46 - 1.30 0.33
Blood collection region
XV ref
I 1.3 0.58	 2.96 0.51
V 1.7 0.87 - 3.22 0.12
VI 1.2 0.55 - 2.77 0.62
VIII 1.8 0.65 - 4.86 0.27
IX 4.7 2.22 - 10.1 <0.010
X 2.2 1.18 - 4.04 0.01
XII 1.5 0.53 - 3.99 0.46
XIII 1.3 0.53 - 3.43 0.54
XIV 0.6 0.15 - 2.8 0.56
Level of education
Illiterate ref
Primary level 0.7 0.25 - 2.14 0.56
Middle and high school 
level

0.7 0.24 - 1.93 0.47

Undergraduate and
postgraduate 0.8 0.26 - 2.22 0.61
Occupation
Unemployed ref
Qualified employee 0.3 0.14 - 0.74 0.01
Unqualified employee 0.3 0.14 - 0.77 0.01
Housekeeper 0.4 0.13 - 1.05 0.06
Blood donor type
Voluntary non-remuner-
ated

ref

Family/replacement 0.6 0.33 - 1.06 0.07
Blood donation
First time ref
Repeat 0.2 0.15 - 0.33 <0.001
OR: Odds Ratio. ref: Reference. CI: Confidence Interval. Qualified employment: 
Employee with more 12 years than of schooling. Unqualified employment: 
Employee with less than 12 years of schooling. In bold statistically significant 
differences.

blood donors from the states of Veracruz and Yucatán located 
in the Southern region of Mexico with prevalence of 0.5% and 
0.7%, respectively [17,18]. Furthermore, in the X and XV regions 
of Chiapas located on the Southern border, all the markers of 
TTIs were identified.

Human migration represents a risk to increase the preva-
lence of TTIs. For example, migrants from the Southern border 
of Mexico (Mexico-Guatemala) presented a seroprevalence of 
Chagas disease (T. cruzi) of 3.1%, syphilis (T. pallidum) 1.2% in 
women and 2.3% in men, and HIV 2.4% in women and 1.3% in 
men [19,20]. Chagas disease has also been reported in Switzer-
land and Italy despite that these are not endemic areas for this 
parasite (promoted by Latin American migrants), with a serop-
revalence of 16.9% and 8.7%, respectively [21,22].

Furthermore, we found that first-time donors had the high-
est seroprevalence of TTIs. This had been observed in donors 
from other countries (China, Philippines, and Tanzania) [23-25]. 
It is necessary to promote voluntary non-remunerated dona-
tion that decreases the risk of TTIs given that this type of dona-
tion was <10% in the study. This percentage is consistent with 
reports of voluntary non- remunerated donors to level national 
[Unpublished results].

We found that the S/CO ratios in reactive-blood donors to 
TTIs were observed mainly in family/replacement donations 
for HIV, HBV, HCV, T. pallidum, and T. cruzi; the highest S/CO 
ratios correspond to HBV, and the lowest S/CO ratios were for 
HCV and T. cruzi. However, HAV was detected in both types of 
blood donation and the values of S/CO ratios were similar in 
both types of donations. This observation allows us to conclude 
that HAV does not depend on the characteristics of blood dona-
tion but whether the characteristics from the state of Chiapas 
(migration, extreme poverty). A limitation of this study is that 
confirmatory testing of reactive ITT donors was not performed; 

donors from the state of Veracruz (1.4%)[15], and in blood do-
nors from the Southern region of Mexico (~1.0%) [Unpublished 
results].

The seroprevalence of T. cruzi was 0.7%. T. cruzi is an endem-
ic parasite of Central and South America including Southern 
Mexico[16]. Our results are similar to those results obtained in 
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however, their units of blood were discarded (final destination).

Conclusion

We observed a high seroprevalence of HAV in blood donors 
in this exploratory study, therefore, it is necessary to increase 
the sample size of blood donors from the state of Chiapas be-
cause Mexico is considered an area of high/intermediate ende-
micity for HAV infection and which can be transmitted through 
blood transfusion. In addition, it is necessary to increase volun-
tary non-remunerated donations in the state of Chiapas, mainly 
in the Southern border regions, in order to decrease the risk of 
TTIs.
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