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Abstract
Salmonella typhi was isolated from blood samples of patients suffered from typhoid fever. The isolate was identified
depending on traditional methods (morphological properties and biochemical tests). This bacterium was found to have the
ability to synthesis the silver nanoparticles (AgNPs). The synthesized AgNPs were confirmed by UV-visible spectroscopy
(UV-Vis), X-ray diffraction (XRD), Fourier transforms infrared (FT-IR) spectroscopy, field emission scanning electron microscope
(FESEM) and atomic force microscopy (AFM). The results showed that the age group 21-30 years was found to have the
highest percentage (42.85%) of typhoid fever and the percentage of infection in males was 30.5% and in females was 31.94%.
The supernatant of S. typhi acted as a reducing agent caused to form the AgNPs from silver nitrate. FESEM observations of
AgNPs revealed that these particles were spherical and circular in shape. UV-visible exhibited a peak at 400 nm corresponding
to the plasma of AgNPs. XRD pattern showed different peaks for AgNPs, while FT-IR exhibited different peaks for the active
molecules that bounded to AgNPs. AFM revealed that the average diameter of AgNPs was 76.89 nm. These results indicated
that S. typhi could be used as a powerful tool for biosynthesis of AgNPs.
Key words: Salmonella typhi, silver nanoparticles, biosynthesis.

Introduction
Salmonella bacterium was first found by Soholerin

in 1839 (Luby et al., 1998), and described by Theobald
Smith (1859-1934) and isolated by Eberth in 1880 from
the mesenteric lymph nodes and spleen of a person died
from typhoid fever (AL-Roubaea et al., 2008). S. typhi
is the causative agent of salmonellosis. It is a rod-shaped
Gram-negative facultative anaerobe bacterium belonging
to the enterobacteriaceae family. S. typhi causes systemic
infections and typhoid fever for humans via ingestion of
contaminated food or water (Paul and Sinha, 2014). The
nanotechnology science includes the synthesis,
characterization, controlling shape and size at the
nanometer scale and their applications (Ghanati and
Bakhtiarian, 2013). Nanoparticles can be applied in
agriculture field, medical field, industrial and electronic
field (Ali et al., 2019). Biosynthesis of nanoparticles using
biological agents such as microbes or plant extracts has
gained much attention in the area of nanotechnology in
last few decades (Aziz et al., 2016). The chemical

method for biosynthesis of AgNPs may be producing
unwanted substance on the surface of the nanoparticles
and that overlap with many applications (Sarsar et al.,
2015). AgNPs more important than other metal due to
their broad applications such as electronics, medicine and
food technology (Singh et al., 2015). The aims of this
research were to assess the distribution of typhoid fever
among patient population and to investigate the role of S.
typhi for the synthesis of AgNPs from silver nitrate.

Materials and Methods
Collection of Samples

One hundred and thirty one of blood samples were
collected from typhoid-suspected patients for both sexes
with the age ranging from  10 to  51 years in AL-Hilla-
Teaching Hospital and the private laboratories in Al-Hilla
city during the period of February-2019 to July-2019.
While the research experiments were conducted in
College of Science labs, University of Babylon during
the period of February-2019 to March-2020.
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 The methods of MacFaddin (2000) and Winn et al
(2006) were used to isolate and identify of S. typhi from
blood samples. Five milliliters of venous blood was
processed in 15 ml of brain heart infusion broth for the
enrichment of S. typhi. The enriched samples were
subjected to 1-7 days incubation. The positive samples
were streaked on MacConkey agar and incubated at 370C
for 24-48hr. The colonies were identified depended on
the morphological properties (colony size, shape, color
and nature of pigments, translucency, edge, elevation and
texture). The petri plates showing positive growth with
colorless colonies were selected, and the single isolated
colony was inoculated in to brain heart infusion broth
(activation medium) and incubated at 370C for 24-48hr.
The bacterial broth was streaked on different medium
such as xylose-lysine deoxycholate (XLD) agar, eosin
methylene blue (EMB) agar and blood agar. The grown
colonies were stained with Gram stain and examined
under light microscope. Some biochemical tests were
performed to identify S. typhi such as triple sugar iron
(TSI) test to detect the microorganism’s ability to ferment
sugars and to produce hydrogen sulphide through the
changes the color of medium from yellow to pink along
with black butt formation indicated the positive test. Indole
test was used to detect the production of indole by the
formation of cherry red alcoholic ring indicates the positive
indole test (MacFaddin, 2000). Methyl red (MR) test was
performed to detect the production of the final end product
in the form of acid when glucose undergoes fermentation
through the change in media color to the bright red color
indicated a positive test (MacFaddin, 2000). Voges-
Proskauer test was performed to determine the ability of
microorganisms to produce non acidic or neutral end
products, The appearance of red color after 15 min means
a positive result due to the partial hydrolysis of glucose,
which produces acetone or acetyl - methyl - carbinol
(MacFaddin, 2000). Citrate utilization test was performed
to detect the ability of organisms to utilize citrate as a
sole carbon source and inorganic ammonium salts
(NH4H2PO4) as the sole source of nitrogen. The color
change in the medium from green to blue indicated a
positive test (Winn et al., 2006).
Silver Nanoparticles Synthesis

Supernatant of S. typhi
S. typhi is the microorganism used in this experiment

to synthesis the nano silver from silver nitrate. It was
activated in 5 ml of brain heart infusion broth for 24 hr at
370C, then, this 5ml was sub-cultured into 500 ml conical
flask contained 250 ml of sterilized brain heart infusion
broth. The cultured flasks were incubated in a rotating
shaker setup at 200 rpm for 72h at 370C. The culture

broth was centrifuged at 12,000 rpm for 10 min and the
biomass and supernatant were separated. The supernatant
was used for studying the extracellular production of silver
nanoparticles (Das et al., 2014).

Synthesis of Nano Silver
The precursor used for synthesis of AgNPs is silver

nitrate (AgNo3) at concentration of 1mM. The silver
nitrate solution prepared by dissolving 0.16987 g of silver
nitrate in 1000 ml distilled water to obtain silver nitrate
solution at concentration of 1 mM. One ml of silver nitrate
solution was added gradually into flask contained 29 ml
of deionized water on the plate magnetic stirrer at room
temperature and 20 ml of bacterial supernatant was added
in to solution as drops, and then left on plate magnetic
stirrer for 24 hours at room temperature. After 24 hours,
the solution color was changed from pale yellow color to
brown or grayish color which mean reduction of Ag (I)
ions to Ag (0) by bacterial supernatant, the solution of
nano silver was centrifuged at 6000 rpm for 30 minutes
to obtain the precipitate of nano silver, this precipitate
was washed five times by deionized water to obtain pure
nano silver particles. The precipitate of nano silver was
dried in the oven at 400C for 24 hours to obtain the dried
powder of nano silver and then stored in sealed glass
tubes at room temperature (Das et al., 2014).
Detection and Characterization of AgNPs

UV-Visible Spectroscopic Analysis
UV-visible spectrum analysis reveals the specific type

of nanoparticle absorbing at a specific wave length of
light which distinguished the AgNPs from others. UV-
visible spectroscopy works on the principle of light
absorption depending on the concentration of particles in
the solution, UV–Vis spectroscopy measurements from
200 to 600 nm. The AgNPs dispersed in deionized water
were observed for their surface plasmon resonance at
400-500 nm, respectively (Jayaseelan et al., 2012).

Fourier Transforms Infrared Analysis
The interaction between compounds from bacterial

supernatant and sliver nanoparticles was analysed by FT-
IR analysis. In FTIR, the vibration of bonds can be
measured because chemical bonds can absorb infrared
energy at specific frequencies or wave length. The basic
structure of the compound can be determined by spectral
location of their IR absorption. It can also state about
other molecules being associated on the surface of
nanoparticle and thus predicts possible interaction of
nanoparticles with other molecules. The FTIR range of
the dried sample was documented in the range of 400-
4000 cm-1 (IRprestige-21, SHIMADZU) (Sadhasivam
et al., 2010).
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X-Ray Diffraction Analysis
XRD measurement was carried out for the

identification of the crystal of AgNPs.The biosynthesized
AgNPs were dried and powdered in order to analyse the
XRD pattern. XRD analysis was performed using XRD
6000 at a step size of 0.02Ú, scanning rate of 20 in 2/
min and a 2 range from 300 to 800, at a voltage of 40 kV
and a current of 30 mA with Cu (Sadhasivam et al.,
2010).

Atomic Force Microscopic Analysis
The AgNPs were characterized for its detail size,

morphology and agglomeration of silver by an atomic force
microscope (AFM, Quesant Instrument Corporation,
USA) in contact mode. In this technique, the feedback
mechanism is the force measured between a tip and
sample. In contact mode AFM, the tip and sample are
brought into contact and a feedback circuit maintains a
constant tip-sample force during scanning, usually by
maintaining a constant cantilever deflection. A thin film
of the sample was placed on a glass slide by dropping
100 µl of the sample on the slide, and was allowed to dry
for 24 hours then scanned with AFM (Hemath et al.,
2010).

Field Emission Scanning Electron Microscopy
Analysis

The samples were investigated after the synthesis
and morphology using field emission scanning electron
microscope FESEM (Germany) which also has been used
for particle size measurement of the prepared AgNPs
(Nath et al., 2018).

Data Analysis
All statistical analysis was performed using SPSS 23

software. Chi-squared test was used to assess the
associations between variables. P value of  0.05 was
considered as significant (Allu et al., 2019).

Results and Discussion
Age Distribution of Typhoid Fever

The blood samples of typhoid fever were divided into
six different age groups as shown in table 1. The age
group 21-30 years (42.85%) gave the highest percentage
of positive typhoid fever and the lowest percentage of
typhoid fever was recorded in the age group older than
50 years (11.76%). The age group 21-30 years
significantly differed compared to the age group older
than 50 years at (P= 0.029).

The high numbers of infections at this age group may
be due to the fact that this is the working age group who
are exposed to infection early in the community. Other

Table 1: Age distribution of typhoid fever.

Age group No. of No. of positive % of positive
(Year) samples samples samples
10 18 4 22.22

11-20 23 8 34.78
21-30 28 12 42.85
31-40 24 9 37.5
41-50 21 6 28.57
51 17 2 11.76

Total 131 41 20.83

possible causes include their consumption of unhygienic
food and water along with increased number of social
gatherings (Luby et al., 1998). AL-Roubaea et al.,
(2008) recorded that the age groups of 21-30 years was
the highest infections percentage of positive typhoid fever
(30%) and the lowest was recorded in the age group 60-
70 years (7%). Also, Rasul et al., (2017) found the more
affected age group by typhoid fever was the age group
21-30 years. The age groups 21-30 years was the highest
infections percentage of positive typhoid fever (37.3%)
and the lowest percentage of typhoid fever was recorded
in the age group more than 50 years (29%) (Allu et al,
2019).
Gender Difference of Typhoid Fever

The percentage of typhoid fever in males was 30.5%
and in females was 31.94%. There was no significant
differences between male and female patients suffered
from typhoid fever (p=0.860) as showed in table 2. These
results explain that there was no independent on sex that
suffers from typhoid fever as revealed by (Rasul et al.,
2017; Jaafar et al., 2013).

In case of females age groups, the highest infected
percentage of female was at the age of 21-30 years
(43.75%). While, the highest infected percentage of male
was at the age of 21-30 years (41.66%). The infection
numbers of male and female with the typhoid fever can
vary geographically (Bergh et al., 1999). AL-Khafaji et
al., (2006) found that the female percentage suffered
from typhoid fever was 60.4% and of male was 39.5%.
Table 2: Gender difference of typhoid fever.

Age                    Male                              Female
group No. of No. of positive No. of No. of positive
(Year) samples samples (%) samples samples (%)
10 8 2 (25) 10 2 (20)

11-20 11 3 (27.27) 12 5 (41.66)
21-30 12 5 (41.66) 16 7 (43.75)
31-40 11 4 (36.36) 13 5 (38.46)
41-50 9 3 (33.33) 12 3 (25)
51 8 1 (12.5) 9 1 (11.11)

Total 59 18 (30.5) 72 23 (31.94)
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Isolation and Identification of S. typhi
A visible turbidity growth was observed in brain heart

infusion broth after 3-7 days of incubation at 370C. On
xylosel deoxycholate agar (XLD agar), the colonies of
S. typhi were pink color with black center, while on
MacConkey agar were pale color due to their inability to
ferment lactose, on blood agar S. typhi produce grey
white colonies. On the EMB agar the colonies were
translucent and amber colored or colorless. The blood
samples cultured into the brain heart infusion broth
showed turbidity growth after 7 days of incubation at
370C. Pink color colonies with black center appeared on
XLD agar (Das et al., 2012). Nahab et al., (2018)
reported that S. typhi colonies on MacConkey agar
showed pale color but on blood agar appeared grey white
colonies. S. typhi was stained with Gram stain and
observed under light microscope to identify their
morphological properties. It was appeared under
microscope as short bacilli and Gram-negative bacteria
(Danie et al., 2010). Biochemical tests were conducted
to identify S. typhi such as indole test was used to
determine the ability of S . typhi  to decompose
the tryptophane to indole. Methyl red (MR) test to detect
the production of sufficient acid during the fermentation
of glucose. Voges and Proskauer test was used to
determine the ability of S. typhi to fermentation of sugars
and gas production (CO2 and H2). Citrate test was used
to determine the ability of S. typhi cells to utilize sodium
citrate as a carbon source and inorganic as a source of
nitrogen. Triple sugar iron agar test to determine the
ability of S. typhi to utilize glucose, lactose or sucrose
and produce hydrogen sulfide (H2S) gas. Motility test to
determine the ability of S. typhi cells to motile. (Nahab
et al., 2018; Afroz et al., 2014). S. typhi was positive
with methyl red test, TSI test, H2S production test and
motility test, and was negative with indole test, voges–
proskaure test and citrate test.
Synthesis of Silver Nanoparticles

The present study was performed to assess the ability
of S. typhi supernatant to synthesis the AgNPs. The

culture suspension incubated with AgNPs solution showed
a color change from pale yellow to brown or grayish
color after completion of reaction mixture due to the
reduction of silver ions and formation of AgNPs
(Ranjitham et al., 2013) and due to their optical properties
(Vanaja et al., 2013). The change in color is referred to
surface plasmon resonance (SPR) and to spherical shape
of AgNPs (Kotakadi et al., 2014). The mechanism of
the synthesized nanoparticles includes reduce of silver
ions by the electron shuttle enzymatic metal reduction
process and this process depended on two enzymes,
NADH and NADH-dependent enzymes. (Sadhasivam
et al., 2010).
UV-Visible Spectral Analysis

UV-visible spectroscopy was used to characterize
the presence of synthesized AgNPs in solution at the
wave length extended between 300-600 nm. This wave
length proved more reliable analysis for the detection of
properties and formation of AgNPs (Zhou and Wang,
2010). Fig. 1 showed the UV-visible spectroscopy analysis
for the S. typhi supernatant with AgNPs in the range of
300-600nm. The UV- visible absorption band in the current
visible region (400- 450nm) is an evidence of the presence
of surface plasmon resonance (SPR) of AgNPs
(Muthukrishnan et al., 2015).

The use of 1mM concentration of AgNo3 solution
with S. typhi supernatant was useful for synthesis of
AgNPs. UV absorbance of AgNPs ranged around 400
nm (Kushwaha et al., 2015). This result agreed with
Nithya et al., (2015) who found that the use of 1mM of
AgNo3 in supernatant of Escherichia coli causes
synthesis of AgNPs. Also, Al-Dhabi et al., (2018)
reported that the supernatant of marine Streptomyces
sp. had ability to synthesis the AgNPs from AgNo3
solution at concentration of 1mM. But these results did
not agree with the study of Parikh et al., (2008) when he
was used 5 mM of AgNo3 solution of Morganella sp.
supernatant to synthesis of AgNPs.

X-Ray Diffraction Analysis
XRD analysis was performed for the detection of

Fig. 1: Absorption spectrum of AgNPs synthesized by S. typhi
using UV-visible spectroscopy.

Fig. 2: X-ray diffraction patterns for AgNPs synthesis by S.
typhi using X-ray diffraction analysis.
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the structural characterization, crystalline nature and the
presence of AgNPs. XRD pattern showed different peaks
of the crystalline nature of the reduced AgNPs which
were 38.11°, 44.21°, 64.41°, 77.39° and 81.55° as showed
in Fig. 2. These results provided powerful method for
synthesis of AgNPs using S. typhi supernatant. The
results agreed with the study published by (Al-Harbi et
al., 2014; Mehta et al., 2017).

(Kalishwaralal et al., 2010). The peaks at 918.12 cm-1,
655.80 cm-1 and 470.63 cm-1 represent the C–H
deformation in an aromatic ring at the alkene C–H bond
(EL-Baghdady et al., 2018).

FT-IR spectrum confirms the presence of amide
linkages of proteins, methylene groups of proteins or
enzymes, and nitro compounds (Gnanajobitha et al.,
2013), which are functional biomolecules of proteins or
enzymes from supernatant of S. typhi and these results
indicated the formation and stabilization of AgNPs (Babu
et al., 2009). Proteins could most possibly form a coat
covering on the metal nanoparticles for prevent
agglomeration of the particles and stabilizing them in the
medium (Gole et al., 2001). The proteins present over
the AgNPs surface acts as capping agent amino acid
residues and peptides have strong ability to bind with silver
ion (Balaji et al., 2009).
Field Emission Scanning Electron Microscope
Analysis

 FESEM analysis was used to identify the shape, size
and distribution of AgNPs synthesized by S. typhi
supernatant. Fig. 4 showed the individual AgNPs and
their aggregates, the shape of AgNPs was spherical and
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Fig. 3: FT-IR spectra pattern of dried powder of AgNPs synthesis by S.  typhi. The

peaks represent the active groups pounded to AgNPs.

Fig. 4: FESEM images of AgNPs synthesis by S. typhi. (A): AgNPs at magnification
power of 120,000X and (B): AgNPs at magnification power of 240,000X
with diameter of some nanoparticles of silver.

Fourier Transforms Infrared
Spectroscopy

FT-IR analysis was performed to
identify the possibility and ability of
biomolecules from S. typhi supernatant
to reduce the Ag+ ions and stabilization
of AgNPs. Fig. 3 showed the FTIR
spectra of AgNPs with absorption peaks
located in the region 4000 cm-1 to 400
cm-1 which consist of 15 different peaks.
The peaks at 3888.49 cm-1 and 3849.92
cm-1 represent –NH group of amines
(Hemath et al., 2010). The peak at
3741.90 cm-1 represent OH group of
amide. The peaks at 3425.58 cm-1,
3217.27 cm-1, 2376.30 cm-1 and 2260.57
cm-1 represent the stretching vibrations
of primary and secondary amines
(Suman et al., 2014). The peaks at
1867.09 cm-1 represent -C = O carbonyl
groups and -C = C stretching (Paul and
Sinha, 2014). The peaks at 1643.35 cm-

1, 1558.48 cm-1, 1404.18 cm-1 and
1118.71 cm-1 in the region of 1000–1800
cm-1 corresponded to the amide I-III
bands of polypeptide/proteins and
symmetric stretching of COO-
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the diameter was ranged between 9-40 nm. The
aggregation of AgNPs may be due to presence of a cell
component and represents as a capping agent (Helen
and Rani, 2015). The images of FESEM were seen in
varying magnification ranges such as 500-300 nm that
illustrated the existence of nanoparticles spherical shaped
with varying diameter. The nanoparticles have not been
directly in contact even with the aggregates, indicating
that the nanoparticles were stabilized by a capping agent
(Priya et al., 2011). It was reported that the shape of
AgNPs synthesized by Proteus strain was spherical and
has different size according to different bio-groups
(Samadi et al., 2009).
Atomic Force Microscopy Analysis

AFM was used to analysis the surface topography,
deflection and the average particle size as showed in
Fig. 5. These analyses were conducted to characterize
the biosynthesize AgNPs by S. typhi supernatant. The
shape of AgNPs obtained from S. typhi supernatant is
mostly spherical and the average diameter was 76.89
nm. Ajah et al., (2018) reported that the shape of AgNPs
was spherical and the average of particle size of AgNPs
synthesized by supernatant of Haemophilus influenzae

was 80.05 nm. The shape of AgNPs was spherical and
the average particle size of AgNPs synthesized by
supernatant of Penicillium notatum was ranged between
55- 65 nm (Ukkund et al., 2019). The results of this study
showed that S. typhi had ability to reduce silver nitrate
into AgNPs. The component of S. typhi extract could be
adherence to the surface of AgNPs and make them more
stable. AgNPs synthesed by S. typhi appeared as
spherical and circular in shape with an average diameter
of 76.89 nm.

Conclusion
Typhoid is a disease that causes challenge to public

health. The more affected age group by S. typhi was the
group that ranged from 21 to 30 years old. The
supernatant of S. typhi extracted from brain heart infusion
broth can be used as a reduction agent for the synthesis
of AgNPs from silver nitrate. Many active groups from
supernatant of S. typhi bounded to AgNPs which make
it more stable. The supernatant of S. typhi reduce the
silver nitrate after 24 hours and produce AgNPs with
diameter ranged from 9 to 40 nm. Inference of the above,
AgNPs could be synthesed using the supernatant of S.
typhi.

Fig. 5: AFM images of AgNPs synthesed by S. typhi.  (A): Diametar of AgNPs with average diameter of 76.89
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