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ABSTRACT

Background: Series of more than 35 proteins facilitated a major role in fighting the
foreign invaders in human body and other warm blooded animals, those named
complement system. Methods: Total of 147 human serum were collected from
asymptomatic volunteers by venipuncture, their sero groups were determined by reverse
blood grouping method. Strain of Salmonella typhi (S. Typhi) were collected from Wudil
general hospital and identified molecularly at center of biotechnological research of
Bayero University, Kano. Serum bactericidal assay was done at microbiology laboratory
of Wudil general hospital. Data obtained was subjected to two way ANOVA and
considered significant at p<0.05. Results: Complement dependent pathways shows a
more than 50% kills, in which both A, AB, B and O kill percent were 74.98%, 67.87%,
78.53% and 78.60% respectively, however, no statistical significant difference. While
the non-complement dependent pathways revealed Kills percentage of 59.27%, 57.86%,
59.21% and 58.60% for A, AB, B and O sero groups, also no significant statistical
difference. Moreover, in comparing the complement and non-complement dependent
pathways, data analysis shows a significant difference with p values of 0.001, 0.003,
0.006 and 0.0008 for A, AB, B and O sero groups respectively. Conclusion: We
concluded that, ABO sero-groups and complement system plays an important role as
infection determinants, where AB sero-group have more chances to S. Typhi infection
than other sero-groupings. This study suggests that the effect of many host genetic
parameters on treatment of microorganisms needs to be further studied.

Introduction

The system known as complement consists

The bactericidal effect of serum is an
essential innate immune mechanism of the host that
provides protection against harmful bacteria [1].
The defensive capacity of antibody and complement
proteins in the serum is referred to as complement-
mediated bactericidal activity or serum bactericidal
activity and is strong-minded via an in vitro
technique known as serum bactericidal assay (SBA)

[2].
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of more than 35 plasma and cell surface proteins that
function to help protect an organism from pathogens
[3]. The complement system is fairly well preserved
throughout most of the phylum Chordata, and many
of the components are closely related and may have
arisen through gene duplications [4-6]. Unlike
antibodies, complement proteins are not precise for
particular immunogens and do not advance in
affinity or increase in concentration with repeated
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exposure and, as such, are defined as components of
innate immunity [7].

The ability of cell-free human serum to kill
pathogenic microbes was exposed at the end of the
19 century. It was observed that bacteria are killed
by lysis and that this lytic ability of serum was
improved with prior immunization with the target
bacteria [8]. When heated, serum was able to stick
but not lyse the bacteria with which the host had
been immunized. Lytic ability was reestablished
upon mixing heated serum with fresh serum, even if
the additional serum was from a nonimmunized
animal [9].

Since the finding of the ABO blood group
with corresponding sero-groupings, there has been
an ongoing curiosity in the possible role of blood
groups in infectious disease. Many blood groups are
receptors for toxins, parasites, and bacteria, where
they can enable colonization or invasion or evade
host clearance mechanisms. Blood groups can also
serve as untruthful receptors, avoiding binding to
target tissue. Finally, microbes can stimulate
antibodies against blood group antigens, including
ABO.

The current study examined the ability of
human humoral immune system in combating
Salmonella Typhi (S.typhi) infection with emphasis
on different sero groups.

Material and Methods

Isolates were recovered from clinical stool
sample through culture, Gram reaction and
conventional biochemical tests at laboratory unit of
Wudil general hospital, Wudil, Kano, according to
the method described by American Public Health
Association, [10]. Also molecular identification was
done at center of biotechnological research of
Bayero University, Kano. Genomic DNA extraction
was based on the method described Norgen Biotech
(CANADA). Extracted DNA samples were
quantified on agarose gel electrophoresis to
determine  DNA size and assess the RNA
contamination.  Polymerase  chain  reaction
amplification was carried out using-storm thermal
cycler. Products of the amplification were
electrophoresed and visualized under UV
illumination in Gel Documentation system 2000
(Biorad, Hercules CA, USA) and stored as TIFF file
format. Sizes of the amplicons were estimated in
comparison with 50bp DNA ladder (CLEAVER
SCIENTIFIC LTD, UK). 1.5kb band of DNA was
excised from gel and purified using gel elution kit

(Sigma-Aldrich, USA) based on the manufacturers
protocol. Sequencing re- actions were carried out
with a BigDye Terminator cycle sequencing kit
(Applied Biosystems, USA), standard universal
primer forward (8f ) and reverse (1542r’) primer
and sequenced by using ABI Prism 3100 genetic
analyzer (Applied Biosystems, USA). The
sequences thus obtained were assembled and edited
using Clone  Man- ager  Version 5
(http://www.scied.com/pr_cmbas.htm).  Database
search was carried out for similar nucleotide
sequences with the BLAST search of Non-reductant
(NR) database
(http://blast.ncbi.nim.nih.gov/Blast.cgi). Partial
length 16S rRNA gene sequences of strains closely
related to the isolate were retrieved from National
Center of Biotechnology Information (NCBI) for
further analysis. Inoculum was standardized by
adjusting turbidity of bacterial suspension to 0.5
McFarland standard.

Serum samples were harvested from one
hundred and forty seven (147) asymptomatic
individual’s blood samples in Wudil town of Wudil
local government area, Kano, according to the
methods described by Lachmann [11] with their
consent approval in accordance with underlined
medical ethical consideration. While reverse
grouping of the serum was done as described by
Dhurba [12].

Method of Owhe-Ureghe and Okoh [13]
and Heesterbeek et al. [14] were followed by slight
modification for SBA. 0.25ml of fresh serum were
place in three (3) set of test tubes, the first tube was
subjected to thermal inactivation by the heating off
at 56°C for 30 minutes in a rotary water bath after
which was allowed to cooled at room temperature,
second tube was treated with equal amount of
EDTA, all the three tubes were then inoculated with
0.25ml of the test isolates and incubated in rotary
water bath at 37°C for 60 minutes. Mixture was then
poured into a sterile Petri dish containing a molten
nutrients agar, shaken gently, allowed to solidified,
inverted and incubated at 37°C for 24 hours. After
which colonies formed were counted and recorded.

Bacterial  species were  considered
sensitive, if more than 50% killing was obtained by
modifying the formula described by Vincent and
Helen [15];

Equation(1).. Kill (%)
No.of cfumL™! (H) — No. of cfumL™(F) 100
- No.of cfumL-1 (H) T
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Equation(2)..Kill (%)

No.of cfumL~ (H) — No. of cfumL™1(E) 100
- No.of cfumL™ (H) 1
H — Heat Inactivated Sera, F — Fresh Sera and E —
EDTA Treated Sera.

Equation (1) revealed the percentage of
complement dependent pathway while equation (2)
revealed the non-complement pathway.

Results was subjected to two way analysis
of variances to compare the bactericidal activity of
different serum groups.

Results

The ABO sero-grouping of all the
participants in this study, sero-group AB has the
highest participants of 52(35.37%) in which
17(11.56%) were children, 23(15.65%) and
12(8.16%) were adults and elders respectively.
More so, B sero-group followed with 37(25.16%)
participants of that 13(8.84%) were children,
15(10.2%) were adults and 9(6.12%) were elders.
However, both A and O sero-groups has 29(19.73%)
participants in which 13(8.84%) were children,
11(7.48%) were adults and 5(3.4%) were elders for
the A sero-group while, 9(6.12%) were children,
16(10.88%) and 4(2.72%) were adults and elders
respectively (Figure 1 & Table 1).

The study also found that 52(35.38) were
children having an age range of (1-12) years, Adults
were 65(44.22%) with age range of (13 — 40) years

Figure 1. ABO sero grouping of the participants.

and 30(20.40%) were elders having >40 years of age
shown in table (2).

Furthermore, the susceptibility testing of
the isolates to those sero-groupings, S. Typhi shows
sensitivity (of more than 50% kills) to complement
dependent bactericidal activity in all the serum from
the 4 sero-groupings with different average killing
percentage revealing 74.98%, 77.88%, 78.93% and
78.60% for sero-groupings of A, AB, B and O
respectively while in complement independent
bactericidal activity only 15 participant’s serum
with sero-grouping of A shows an activity (>50%
kills) against S. Typhi with average Kkilling
percentage of 59.27%, 27 participant’s serum sero-
grouping of AB shows 59.86% average Killing
percentage, 24 and 19 participants with sero-
grouping of B and O shows an average Killing
percentage of 59.21% and 58.59% respectively.
Fresh and EDTA treated sera shows a significant
difference with p values of 0.001, 0.003, 0.006 and
0.0008 for A, AB, B and O sero groups (Figure 2).

Figure 3a,b&c shows the relative
increases of the human serum bactericidal activity
against the S. typhi with addition of ages among the
participants. In all cases of children, adult and elder
categorization the activity accelerated up to an age
of 43 years were the activity started to decelerate
with addition of years.

ABO Serogrouping of the participants

M A serogroup
| AB serogroup
B serogroup

O serogroup
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Figure 2. Fresh and EDTA treated sera shows a significant difference with p values of 0.001, 0.003, 0.006
and 0.0008 for A, AB, B and O sero groups.
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Fig.3b. Salmonella Typhi Killing Response to Adult's Serum
Bactericidal Activity with and without complement mediation
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Fig 3c. Salmonella Tiphi killing Response to Elder's Serum
Bactericidal Activity with and without complement mediation

Table 1. ABO sero-grouping distributions among subject volunteers participate in this study.

Serogroping Age Range Total (%)
Children (%) Adults (%) Elders (%)
A 13(8.84) 11(7.48) 5(3.40) 29(19.73)
AB 17(11.56) 23(15.65) 12(8.16) 52(35.37)
B 13(8.84) 15(10.20) 9(6.12) 37(25.16)
o] 9(6.12) 16(10.88) 4(2.72) 29(19.73)
Total 52(35.37) 65(44.22) 30(20.41) 147(100)
Keys; A, AB, B and O represent the sero-grouping of the participants,
Table 2. Age distribution of the subject volunteers participate in this study.
Parameter Frequency (n)
Subject categorization Sex (n) Total (%)
F (%) M (%)
Children (1 — 12 years) 31 (21.09) 21(14.29) 52(35.38)
Adults (13 — 40 years) 23(15.65) 42(28.57) 65(44.22)
Elders (>40 years) 09(6.12) 21(14.28) 30(20.40)
Total 63(42.86) 84(57.14) 147(100)

Keys: F = Female participants, M = Male participants and (%) = percentage.

Discussion

Susceptibility of S. typhi to serum
bactericidal activity especially in the complement
dependent pathway shows that complement proteins
plays an important roles in serum killing of S. typhi
however, the ability of EDTA treated sera (in which
both alternative and classical pathways were
blocked) to kill S. typhi proved that the serum
bactericidal activity is not solely dependent to
complement proteins.

The lower bactericidal activity shown with
AB sero-group compared to other sero-grouping
indicated a compromised in the serum capacity of
AB group to fight for S. typhi. The result of this
study shows that human sero-group has a role to
play in resistance or susceptibility to S. typhi. This
result was in lined with report of Owhe-Ureghe and
Okoh, that bactericidal activity of normal human
serum against pathogenic microorganisms varies
with sero-group of the volunteers [13]. It was also
reported that the typhoid outbreak was observed
among sero-grouping AB individuals while the least
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infection was noticed among sero-grouping O
individual [16]. Further study also described that AB
sero-grouping was associated with typhoid fever,
sero-grouping AB presented minimum resistance
for typhoid and paratyphoid fever [17].

The possible relationship  between
infectious disease and ABO sero-grouping is
determined by its carbohydrate on RBC surface.
This assemble carbon, hydrogen and oxygen
become a receptor for my infectious agents and
facilitate their internalization in to the cells [17].
Sero-groupings  are  frequent  targets in
epidemiological investigations since they are
genetically determined qualities with known
polymorphic manifestation among individuals and
populations.

The low bactericidal activity found in
children is probably related to the lack of C8 and low
concentration of C9 complement component as
compared to adult and elder volunteers, those
component of complement plays a critical role in the
formation of terminal complement complex which
disrupt the activity of the cell membrane, leading to
the cell degradation and death [18]. Also the
complement component plays a significant role in
identifying pathogens [19]. The study agrees with
the previous finding that reported a compromised
bactericidal activity of neonate against some Gram
negative isolates [5].

Several genetic, developmental, and
clinical conditions can affect ABO typing, with
implications for epidemiology studies. In many
epithelial tissues, ABO expression is heavily
dependent on the inheritance of the Secretor/FUT2
gene, which cannot always be ascertained by red cell
typing alone [20]. Anti-A and anti-B are naturally
occurring antibodies, arising in the absence of blood
transfusion or pregnancy. Bacteria, particularly
Gram-negative such salmonella found in the gastro-
intestinal tract of warm blooded animals, appear to
be the primary immune stimuli underlying their
development [15]. However, in the cause of an
immune response, pathogenic Infections become
accessible via receptors of the plasma cells. Also the
finding of this study were in line with that of
Gondwe et al. who state that an individual with AB
serogroupings were more likely to become infected
with S. Typhi which contain the antibodies A and B
[21].

The presence of pilli and fimbriae in most
of the Gram negative bacteria including S. Typhi
plays an important role in attaching the bacteria to

the surface of host cell mucous membranes and
initiate an infection [22]. The little compromised of
AB serogroupings in the development of S. typhi
infection may likely be due to the presence of A and
B antigen which serve as the complementary
adhesion factor of S. typhi as reported by Kundera
et al. [23] and Busch et al. [24].

Moreover, in comparing the complement
and non-complement dependent pathways, data
analysis shows a significant difference with p values
of 0.001, 0.003, 0.006 and 0.0008 for A, AB, B and
O sero groups respectively. These revealed that the
bactericidal activity of human serum is not
absolutely complement dependent rather, an
effective tasks of antibodies, which include
pathogen and toxin nullification, complement
activation, and opsonin raise of phagocytosis and
pathogen abolition
Conclusion

Conclusively, the finding of this study
support that human serum bactericidal activity
against S. typhi is not solely complement dependent.

Moreover, ABO sero-grouping plays an
important role as infection determinants, where AB
sero-grouping are more vulnerable to S. typhi and S.
aureus infection than other sero-groupings.

This study suggests that the effect of many
host genetic parameters on treatment of
microorganisms needs to be further studied.

Conflict of interest: None.
Funding: None.

References
1-Yehoshua Z, Amorim G, Filho CA, Nunes

RP, Gregori G, Penha FM, et al. Systemic
complement inhibition with eculizumab for
geographic atrophy in age-related macular
degeneration: the COMPLETE  study.
Ophthalmology 2014; 121: 693-701.

2-Mcintosh ED, Broker M, Wassil J. Serum
bactericidal antibody assays — the role of
complement in infection and immunity.
Vaccine 2015; 33: 4414-4421.

3-Sim RB, Laich A. Serum proteases of the
complement system. Biochem Soc Trans 2000;
28: 545-550.


http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref1005
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref1005
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref1005
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref1005
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref1005
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref1005
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref1005
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref1005
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref1005
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref1005
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref1005
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref1005
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref1005
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref1005
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref1005
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref1005
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref1005
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref1005
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref1005
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref1005

Aliyu As etal. / Microbes and Infectious Diseases 2022; 3(1): 209-216

215

4-

5-

6-

7-

8-

O-

10-

11-

12-

Nonaka M, Yoshizaki F. Evolution of the

complement Immunol 2004;
40:897-902.
Ansari M, McKeigue PM, Skerka C,

Hayward C, Rudan I, Vitart V. et al. Genetic

system. Mol

influences on plasma CFH and CFHR1
concentrations and their role in susceptibility to
age-related macular degeneration. Hum Mol
Genet 2013; 22: 4857-4869.

Ballanti E, Perricone C, Greco E, Ballanti
M, Di-Muzio G, Chimenti MS, et
al..Complement and autoimmunity.
Immunol Res 2013; 56: 477-491.

Gasque P, Dean YD, McGreal EP, VanBeek
J, Morgan BP. Complement components of the
innate immune system in health and disease in
the CNS. Immunopharmacology 2000; 49:
171-186.

Xu D, Alegre ML, Varga SS, Rothermel AL,
Collins AM, Pulito VL,
characterization of five humanized OKT3
Cell

et al. In vitro

effector function variant antibodies.
Immunol 2000; 200: 16-26.

Diebolder CA, Beurskens FJ, de Jong RN,
Koning RI, Strumane K, Lindorfer MA, et
al. Complement is activated by 1gG hexamers
assembled at the cell surface. Science 2014;
343: 1260-1263.

Public  Health

Compendium of Methods for Microbiological

American Association
Examination of Clinical Samples. 2018; 5%
Edition.

Lachmann PJ. Preparing serum for functional
complement assays. J Immunol Methods 2010;
352: 195-197.

Dhurba G. Reverse blood grouping: principle,
procedure, limitations.
LaboratoryTest.org. 2017; Retrieved 16 Nov.

2019.

interpretation and

13-

14-

15-

16-

17-

18-

19-

Owhe-Ureghe UB, Okoh BF. Bactericidal
effect of normal human serum of various blood
group against Yersinia spp. Research journal of
microbiology 2008; 3(3): 141-149.
Heesterbeek DA, Martin NI, Velthuizen A,
Duijst M, Ruyken M, Wubbolts R, et al.
Complement-dependent  outer  membrane
perturbation sensitizes Gram-negative bacteria
to Gram-positive specific antibiotics. Science
Report 2019; 9:3074.

M, Helen H.

effectiveness of cleaning with detergent soap

Vincent Evaluating the
alone verses detergent soap followed by
sanitizer on reducing aerobic microorganism
numbers that are present on food contact
2018.
https://circuit.bcit.ca/islandora/object/repositor
y%3A827/datastream/PDF/download/citation.
Accessed December 15, 2020.

Otoikhian CS, Okoror LE. Prevalence of
Typhoid and Paratyphoid, in Relation to Their
Student  of

University, Ogume. International Journal of

surfaces. Available at:

Genotype among Novena
Pharma Medicine and Biological Sciences
2012; 1(2): 217-224.

Igumbor A, Osayanade DO. Bactericidal
Activity of Human Sera against Salmonella
Typhi and Salmonalla paratyphi. East African
medical J. 2000; 77(12): 676-680.

Goh YS, Maclennan CA. Invasive African
nontyphoidal Salmonella requires high levels of
complement for cell-free antibody-dependent
killing. J Immunol Methods 2013; 387: 121-
129.

Khan A, Isfahan T, Bibi A, Muhammad AK,
Sadia A, Nighat S, et al. Age-related variation
in the in vitro bactericidal activity of human
sera against Pseudomonas aeruginosa. Central
European Journal of Immunology 2018; 43(1).


http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0020
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0020
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0020
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0020
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0020
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0020
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0020
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0020
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0020
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0020
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0020
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0020
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0020
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0020
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0020
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0020
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0020
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0020
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0020
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0020
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0020
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0035
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0035
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0035
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0035
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0035
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0990
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0990
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0990
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0990
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0990
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0990
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0990
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0990
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0990
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0990
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0990
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0990
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0990
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0990
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0990
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0990
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0990
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0290
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0290
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0290
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0290
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0290
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0290
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0290
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0290
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0290
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0290
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0290
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0290
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0290
http://refhub.elsevier.com/S0161-5890(15)00038-3/sbref0290

Aliyu As etal. / Microbes and Infectious Diseases 2022; 3(1): 209-216
216

20- Mcintosh ED, Broker M, Wassil J. Serum
bactericidal antibody assays — the role of
complement in infection and immunity.
Vaccine 2015; 33: 4414-4421.

21- Gondwe EN, Molyneux ME, Goodall M.
Importance of antibody and complement for
oxidative burst and Kkilling of invasive
nontyphoidal Salmonella by blood cells in
Africans. Proceedings of the National Academy
of Sciences of the United States of America
2010; 107: 3070-3075.

22- Darmawati S, Afiana R, Laela HN,
Muhammad EP, Sinto DS, Nia SE, et al.
When plasma jet is effective for chronic wound
bacteria inactivation, is it also effective for
wound healing? Clinical Plasma Medicine.
2019; 14: 10085

23- Kundera I, Aulanni A, Santoso S. Ekspresi
proten ADHF36 strain Salmonella typhi dari
beberapa daerah di Indonesia. Jurnal
Kedokteran Hewan, 2014; 8(1): 12-17.

24- Busch A, Phan G, Waksman G. Molecular
mechanism of bacterial type 1 and P pili
assembly. Philosophical Transactions of the
Royal Society A: Mathematical, Physical and
Engineering  Sciences 2015; 373(2036):
20130153-20130160.

Aliyu AS, Ismaila A, Haruna M, Lambu ZN, Shehu AA, Sadisu FU. Evaluation of invitro bactericidal activity of
human serum against Salmonella typhi in relation to sero groups. Microbes Infect Dis 2022; 3(1): 209-216.



