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Abstract: This study aimed to evaluate the effect of different human blood components added to Blood Agar Plate
(BAP) media on the growth of Salmonella typhi O. An experimental design was employed with three treatment
groups and a total of 27 replicates. Salmonella typhi O was inoculated onto BAP media containing different blood
components, followed by incubation at 37°C for 24 hours. Bacterial colonies were then counted using the total plate
count method. Statistical analysis was performed using the Shapiro—Wilk test and one-way ANOVA, followed by
Bonferroni post hoc analysis. The results showed that variation in blood components significantly affected colony
counts (p = 0.0001). Whole blood containing antibodies produced the lowest bacterial growth (mean 2.6 x 10°
CFU/mL), whereas erythrocyte suspension (1.8 x 10® CFU/mL) and whole blood without antibodies (1.9 x 108
CFU/mL) showed substantially higher growth and did not differ significantly from each other (p = 0.618). These
findings indicate that antibodies in human blood can inhibit the growth of Salmonella typhi through complement
activation, while washed erythrocytes are effective as a substitute for sheep blood. Therefore, whole blood without
antibodies or erythrocyte suspension may serve as viable and effective alternatives for the preparation of BAP
media in laboratories with limited access to sheep blood.
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INTRODUCTION

Blood Agar Plate (BAP), or blood agar medium, is a universal as well as
differential bacterial growth medium that plays a crucial role in the identification of
various pathogenic bacteria. Globally, BAP serves as a standard medium for cultivating
bacteria such as Salmonella typhi, which require specific nutrients derived from blood
proteins (Verma & Shahab, 2022; Imara, 2020).

In North America and Europe, sheep blood or horse blood has become the gold
standard because of its ability to produce maximal and consistent hemolytic reactions.
However, in tropical countries such as Indonesia, maintaining standard blood-
producing wool sheep presents major environmental adaptation challenges, resulting
in limited availability and relatively high costs for both clinical and research
laboratories.

Consequently, many laboratories in Indonesia have shifted to the use of human
blood as a substitute because of its easier accessibility. Nevertheless, although human
blood is rich in nutrients such as hemoglobin and plasma proteins, its use often
produces differences in colony morphology, color, and hemolysis patterns compared
with standard sheep blood media. Therefore, a thorough analysis of the optimization
of human blood components is needed to ensure the accuracy of laboratory results
(Turista and Puspitasari 2019; Rahma Velina et al, 2016; Sanjaya et al, 2022; Rigby
et al, 2022).
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The main problem associated with the use of human blood as a bacterial growth
medium lies in the presence of specific antibodies formed as a result of previous
infections, such as antibodies against Salmonella typhi, which can inhibit the growth of
compatible antigens through their bacteriolytic activity via the complement pathway. In
addition, differences in erythrocyte morphology, size, and membrane permeability
between human and sheep blood may interfere with clinical interpretation.

The urgency of this study is supported by findings showing that antibodies in
whole blood are significant inhibitors of media fertility. From a broader perspective,
these findings indicate that the direct use of human blood is not recommended because
of the risk of transmissible disease transmission and the potential failure of certain
pathogenic bacteria to grow. International studies have also emphasized the need to
modify human blood so that it more closely resembles sheep erythrocytes, thereby
improving laboratory effectiveness in developing countries (Cardigan et al, 2020;
Yougbare et al, 2020; Xie et al, 2020).

Therefore, comparing the effectiveness of different human blood components is
urgently needed to identify practical solutions to the financial and logistical constraints
associated with sheep blood procurement in local laboratories. This gap indicates that,
although human blood is commonly used, the presence of heat-stable compounds
such as antibodies and heat-labile compounds such as complement in plasma remains
a major challenge that has not yet been fully resolved at the practical laboratory level
(Pont et al. 2020; Bayly-Jones et al, 2017; Serna et al. 2016).

This problem requires an immediate solution through systematic technical
problem-solving strategies. The novelty of the proposed method lies in optimizing
blood-based BAP through the use of erythrocyte suspensions prepared by washing
with 0.85% saline solution three times. Theoretically, this approach is capable of
removing more than 98% of plasma proteins, antibodies, and complement components
without damaging essential nutritional substrates such as hemoglobin within red blood
cells (Ho et al, 2025; Miguel & Pereira, 2024; Barnum et al, 2020).

This washing method is expected to increase the proportion of erythrocytes with
characteristics more favorable for bacterial growth, considering that packed red cells
contain higher concentrations of hemoglobin and hematocrit than whole blood. This
intervention is therefore critically important to ensure that BAP prepared from human
blood no longer exerts immunological inhibitory effects, thereby allowing optimal
growth of Salmonella typhi comparable to that achieved on standard international
media.

The aim of this study was to comprehensively evaluate the effect of variations in
human blood components on the fertility of BAP media, particularly for the growth of
Salmonella typhi O. The principal contribution of this article lies in providing a scientific
basis for the development of medical laboratory science and technology, offering an
alternative pathway for laboratories facing logistical difficulties in obtaining sheep
blood.

The variables investigated were clearly defined: the independent variable was
blood type—whole blood containing antibodies, erythrocyte suspension, and whole
blood without antibodies—while the dependent variable was the number of bacterial
colonies measured in CFU/mL using the Total Plate Count (TPC) method. Based on
relevant references, this study offers both theoretical insight into the effect of human
antibodies on media fertility and practical value as a potential operational standard for
culture media modification in healthcare facilities. Therefore, it is expected to support
national laboratory technological self-reliance through the scientific and measurable
optimization of locally available resources.
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METHOD

This study employed an experimental research method and design to analyze the
effect of variations in blood component supplementation on the fertility of Blood Agar
Plate (BAP) media. The experimental design consisted of three main treatment groups:
whole blood containing Salmonella typhi O antibodies, erythrocyte suspension, and
whole blood without antibodies.

The study procedures were organized systematically, beginning with confirmation
of the whole blood to be used through Widal and TUBEX testing, followed by
preparation of Nutrient Agar (NA) as the base medium, collection and processing of
human blood samples, and inoculation of Salmonella typhi O. All procedures were
conducted under tightly controlled conditions, including an incubation temperature of
37°C, an incubation period of 24 h, and an 8% blood supplementation volume to
maintain nutritional consistency.

The experimental workflow included rejuvenation of the pure bacterial strain in a
universal medium, preparation of a bacterial suspension at a standardized
concentration, colony counting, and data analysis. This design ensured that any
differences observed in the final results were attributable to the variations in the blood
components tested. The samples and research subjects in this study consisted of
human blood selected according to specific criteria to meet the experimental
requirements. The study population comprised all human blood samples; however,
subjects were selected using a non-probability sampling method, specifically purposive
sampling, based on strict inclusion and exclusion criteria.

The minimum sample size, or number of replicates, was calculated using the
Federer formula. With three blood treatment groups, the calculation indicated a
minimum of nine replicates per group, resulting in a total of 27 replicates. The inclusion
criteria specified individuals with previous Salmonella typhi O infection, as
demonstrated by a positive Widal test result. In contrast, the exclusion criteria included
individuals who were actively suffering from typhoid fever at the time of blood
collection, in order to avoid interference from an existing bacterial load in the
bloodstream. Blood sampling was performed by trained personnel with phlebotomy
expertise to minimize the risk of hematoma formation and pain in respondents.

The research instruments and procedures involved the use of standard laboratory
equipment, including an autoclave for sterilization, an incubator for bacterial growth,
and micropipettes and vacuum tubes to ensure volume accuracy. The validity of
bacterial measurement was based on the Total Plate Count (TPC) method, an
international standard in microbiology, as well as the use of the 0.5 McFarland standard
to standardize the concentration of the bacterial suspension and obtain a uniform
inoculum density.

The main procedure began with qualitative Widal testing to confirm the presence
of antibodies in the respondents. The next crucial step was the preparation of an
erythrocyte suspension through a red blood cell washing method using 0.85% NacCl
solution three times. This washing procedure was intended to remove more than 98%
of plasma proteins and antibodies that could inhibit bacterial growth without damaging
hemoglobin, which serves as the principal nutrient source.

After the BAP media had been prepared with the respective blood variations, the
bacteria were inoculated using a serial dilution technique and evenly spread with a
hockey stick spreader. The procedure concluded with counting the colonies that grew
on Petri dishes containing 30—300 colonies to ensure the reliability of the colony count
data.
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Data were analyzed quantitatively using SPSS version 21 to interpret the results
in accordance with the predefined study objectives. The first analytical step was the
Shapiro-Wilk normality test to verify whether the bacterial colony count data were
normally distributed, given that the sample size was fewer than 50. Data were
considered normally distributed when the significance value met the established
criterion.

Once normality had been confirmed, the analysis proceeded with the parametric
one-way ANOVA test to compare the mean bacterial counts among the three blood
component variation groups. If a significant difference was identified, further post hoc
analysis was performed using the Bonferroni test (pairwise comparisons) to determine
which groups differed significantly in supporting bacterial fertility. This analytical
approach enabled the researchers to scientifically test the hypothesis regarding the
effect of human antibodies on the effectiveness of BAP media. The results of the data
analysis were then interpreted in relation to the theoretical role of the complement
system and IgG in bacterial lysis, thereby providing a meaningful contribution to the
standardization of modified culture media in clinical laboratories.

RESULTS AND DISCUSSION

Sheep blood is the gold standard used for the preparation of Blood Agar Plate
(BAP) culture media in Europe and America. The sheep blood used is derived from
wool sheep. This type of sheep is not readily available in Indonesia because wool
sheep are difficult to breed and are unable to adapt well to tropical climates such as
that of Indonesia (Krihariyani et al. 2016). For developing countries such as Indonesia,
importing wool sheep blood is also costly and associated with numerous logistical
constraints (Sumilih, 2012). As a result, various studies have emerged to explore
substitutes for sheep blood, one of which is the use of human blood because it can be
obtained more easily.

Human blood contains antibodies. These antibodies are formed when an
individual has previously been exposed to an antigen. Antibodies against Salmonella
typhi are present in the blood of individuals who have been infected with Salmonella
typhi (Setyoningrum et al. 2020; Dyson et al. 2024; Buzila et al. 2025). In this study,
the effect of antibodies present in human blood on antigens derived from Salmonella
typhi was tested in vitro. This was performed by comparing variations in blood
component supplementation during the preparation of Blood Agar Plate media, after
which media fertility was assessed based on the number of bacteria growing on the
Blood Agar Plate.

The blood variations used were as follows:

1. Whole blood containing antibodies against Salmonella typhi.

2. Blood containing antibodies against Salmonella typhi that was washed three times
with sterile 0.85% NaCl solution to remove antibodies, thereby producing an
erythrocyte suspension.

3. Whole blood that did not contain antibodies against Salmonella typhi.

The Salmonella typhi antigen was obtained from a pure strain of Salmonella typhi
ATCC® 27870™. The strain was subcultured one day before inoculation to ensure that
the bacteria were in optimal condition for transfer to another medium. If bacteria enter
the stationary phase, waste products accumulate, nutrients become depleted, pH
changes occur, and other factors may suppress and disrupt the culture, thereby
reducing the bacterial growth rate (Sumilih, 2012).

Colonies obtained after subculture were then suspended in sterile 0.85% NaCl
and adjusted to the 0.5 McFarland standard, followed by dilution to 104 and 10°. A
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volume of 100 pL was inoculated onto Blood Agar Plate media containing the three
blood-component variations, and the plates were incubated for 24 h at 37°C. The
numbers of bacteria growing on BAP with each blood variation are presented in Table
1. Meanwhile, the results of the descriptive analysis are presented in Table 2.

Table 1. Number of bacteria growing on BAP with each blood variation (CFU/mL)

Replication BAP C_onta_ining BAP with Eryt_hrocyte BAP_Without
Antibodies Suspension Antibodies
1 2,4 .10° 1,2.10° 1,9.10°
2 2,8.10° 1,5.10° 2,0.10°
3 2,9.10° 1,7 . 10° 2,2.10°
4 2,8.10° 1,8.10° 1,9.10°
5 2,3.10° 1,8.10° 1,9.10°
6 2,9.10° 2,0.10° 1,9.10°
7 2,6.10° 2,0.10° 1,7 . 10°
8 2,6.10° 2,2.10° 1,7 . 10°
9 2,9.10° 2,0.10° 1,9.10°
10 2,1.10° 1,9.10° 2,1.10°
Rerata 2,6.10° 1,8.10° 1,9.10°

Table 2. Results of descriptive analysis
Variation Mean Median Standard Deviation Maximum Minimum

A 2,6.10° 2,7.10° 0,28 2,9.10° 2,1.105
B 1,8.10° 1,9.10° 2,88 2,2.10° 1,2.10°
C 1,9.10° 1,9.10° 1,54 2,2.10° 1,7 .10°

Note:

A: BAP with whole blood containing antibodies against Salmonella typhi
B: BAP with erythrocyte suspension

C: BAP with whole blood without antibodies against Salmonella typhi

The research data showed that, in BAP containing antibodies, the highest
bacterial count was 2,9 . 10, the lowest was 2,1 . 10°, and the mean bacterial count
was 2,6 . 10> CFU/mL. In BAP with erythrocyte suspension, the highest bacterial count
was 2,2 . 10°°, the lowest was 1,2 . 10, and the mean bacterial count was 1,8 . 10°
CFU/mL. In BAP without antibodies, the highest bacterial count was 2.2 x 10”6, the
lowest was 1,7 . 10, and the mean bacterial count was 1,9 . 10°® CFU/mL. Based on
these data, the highest bacterial count was observed in BAP without antibodies when
compared with BAP containing erythrocyte suspension and BAP containing antibodies,
as reflected by the mean values of the three blood-component variations.

The analysis of the effect of blood-component variation on the fertility of Blood
Agar Plate for the growth of Salmonella typhi was initiated with a normality test using
the Shapiro—Wilk test, which is appropriate for sample sizes below 50. The results are
presented in Table 3.

Table 3. Evaluation of data normality distribution

Blood Variation N Sig. Interpretation
A 10 0,127 Normally Distributed
B 10 0,375 Normally Distributed
C 10 0,197 Normally Distributed
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Based on the normality test results in Table 3 using the Shapiro-Wilk test, the
data are considered normally distributed when the significance value is p > 0,05. The
significance values obtained were 0,127 for BAP with whole blood containing
antibodies against Salmonella typhi O, 0,375 for BAP with erythrocyte suspension, and
0,197 for BAP with whole blood without antibodies against Salmonella typhi O. These
findings indicate that the numbers of bacteria growing on BAP with the different blood-
component variations were normally distributed. Therefore, the analysis was continued
using the parametric One-Way ANOVA test. One-Way ANOVA was selected because
the study involved more than two independent groups.

The analysis of statistical significance for the differences observed among the
variables is presented in Table 4, which provides a detailed overview of the extent to
which these variables differ from one another.

Table 4. Significance analysis of differences among variables
Variable p Interpretation
There was a significant difference in total plate count
AvsBvsC 0.0001 values of bacteria inoculated on media A, B, and C
Note:

A: BAP with whole blood containing antibodies against Salmonella typhi
B: BAP with erythrocyte suspension
C: BAP with whole blood without antibodies against Salmonella typhi

In the One-Way ANOVA test, if the significance value is p < 0.05, then Ha is
accepted and the data are considered significantly different. Based on the One-Way
ANOVA results, the significance value obtained was less than 0.05, namely p = 0.0001.
This indicates that Ha was accepted and demonstrates a difference in the mean
number of Salmonella typhi O bacteria growing on BAP prepared with whole blood
containing antibodies against Salmonella typhi O, BAP prepared with erythrocyte
suspension, and BAP prepared with whole blood without antibodies against
Salmonella typhi O.

Because a significant difference was observed among the three blood-
component variation groups, a Post Hoc test was performed to identify which groups
differed. The results of the Bonferroni pairwise comparisons are shown in Table 5.

Table 5. Significance test among variables
Blood Variation p Interpretation
There was a significant difference in bacterial total plate

AvsB 0.0001 count between media A and B

Avs C 0.0001 There was a S|gn|f|qant difference in bacterial total plate
count between media A and C

Bvs C 0.618 There was no significant difference in bacterial total plate

count between media B and C

Note:

A: BAP with whole blood containing antibodies against Salmonella typhi
B: BAP with erythrocyte suspension

C: BAP with whole blood without antibodies against Salmonella typhi

In the pairwise significance test, a significance value below 0.05 indicates a
difference between variations, meaning that Ha is accepted and HO is rejected.
Conversely, if the significance value is greater than 0.05, no difference exists between
variations, meaning that Ha is rejected and HO is accepted. In Table 5, both A vs B and
Avs Cyielded p =0.0001, indicating that the presence of antibodies affected the fertility
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of the medium for Salmonella typhi O. In contrast, B vs C showed no significant
difference because neither medium contained antibodies against Salmonella typhi O.

Based on the statistical analysis, the results clearly demonstrate that human
antibodies influence the fertility of Blood Agar Plate media. The immunological
interaction between anti-Salmonella typhi O antibodies dissolved in human blood and
Salmonella typhi O antigens produced significant effects because antibodies are
capable of inducing lysis through the complement activation pathway. IgG present in
blood activates C1q, which subsequently activates C1r and then C1s. Activated Cls
exhibits proteolytic and esterolytic properties and then activates C4, a glycoprotein that
binds to the cell membrane associated with the antigen epitope recognized by C1q,
and interacts with C1s to activate C2. Activated C2 binds to C4 to form the C4,2
enzyme (C3 convertase), which activates C3. C3 is then cleaved into two fragments,
namely C3a, which is smaller, and C3b, which is larger. Both C3a and C3b are capable
of associating with C4,2,3 (C5 convertase). C5 is subsequently cleaved and binds to
C6 and C7 to form C567, which then activates C8 and C9. When C5b is deposited on
the cell membrane and binds to C6, C7, C8, and C9, C5b678 and polymeric C9 are
formed, generating the membrane attack complex (MAC), which subsequently lyses

the bacteria.
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Figure 1. Process of complement system activation (Balyl et al, 2017)

The MAC process is recognized as a cytolytic effector that forms pores in the
plasma membrane of pathogens or target cells, thereby causing osmotic lysis (Xie et
al, 2020). Bacterial lysis prevents bacterial growth; consequently, the fertility and
quality of the BAP medium also differ. Based on the results of this study, BAP with
erythrocyte suspension and BAP with whole blood lacking anti-Salmonella typhi O
antibodies showed comparable quality. This is because erythrocyte suspension
provides sufficient nutrition due to its high protein content derived from hemoglobin and
lacks growth-inhibiting components, namely antibodies. Therefore, the quality of BAP
with erythrocyte suspension is comparable to that of BAP with whole blood not
containing antibodies against Salmonella typhi O.

If a laboratory encounters difficulty in obtaining sheep blood for culture media
preparation, Blood Agar Plate may be prepared using human blood as a substitute.
Whole blood that does not contain antibodies against Salmonella typhi O may serve
as an alternative blood source for media preparation. If only antibody-positive blood is
available, it should first be washed with sterile 0.85% NaCl to obtain an erythrocyte
suspension. Thus, both BAP prepared with whole blood lacking antibodies and BAP
prepared with erythrocyte suspension may be used as alternative blood sources for
enrichment media functioning as strain media.
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The use of human blood as a substitute for sheep blood in the preparation of
Blood Agar Plate media has increasingly become the subject of research. Previous
studies have focused on eliminating compounds that inhibit bacterial growth and
optimizing the characteristics of human erythrocytes so that they resemble those of
sheep erythrocytes (Niederstebruch et a,l 2017). Modifying human blood is one way to
optimize Blood Agar Plate when used as an enrichment medium. The best modification
that can be performed is erythrocyte washing, because it can reduce or even eliminate
antibodies without damaging other essential substrates, thereby producing Blood Agar
Plate that is more optimal for the growth of Salmonella typhi.

Salmonella typhi was selected because this bacterium survives in human blood;
therefore, it is reasonable that a suitable medium for its growth should contain blood,
one example being Blood Agar Plate. In addition, when Salmonella typhi is present in
human blood, stable antibodies are produced because the affinity between antigen and
antibody becomes increasingly complex and stronger. Accordingly, this study provides
a scientific basis showing that antibodies in human blood influence the fertility of Blood
Agar Plate media.

CONCLUSION

This study demonstrated that the presence of Salmonella Typhi antibodies in
whole blood significantly increased the growth of Salmonella Typhi on BAP medium,
with the highest mean bacterial growth reaching 2.6 CFU/mL, compared with
erythrocyte suspension (1.8 CFU/mL) and whole blood without antibodies (1.9
CFU/mL). Statistical analysis confirmed a significant difference (p < 0.05) between
bacterial growth in the whole blood medium containing antibodies and that in the other
two groups. In contrast, no significant difference was observed between erythrocyte
suspension and whole blood without antibodies (p = 0.618). These findings indicate
that antibody components in whole blood play an important role in supporting or
facilitating the growth of Salmonella Typhi in culture media, whereas erythrocyte
components alone do not produce a similar effect.

RECOMMENDATION

Further studies are recommended using different bacterial species, such as
Gram-positive bacteria, to broaden the scope and improve the generalizability of these
findings.
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