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Abstract

Haemophilus influenzae is a Gram- negative coccobacillus which colonizes the upper respiratory tract and is responsible for
many respiratory tract infections including otitis media, epiglottitis, meningitis, sinusitis, and pneumonia, particularly in
children. H. influenzae has many virulence factors therefore is considered resistant to many drugs.The aim of this study was
investigation of antibacterial activity of Citrus limon, C. japonica and black- dried lemon extracts against H. influenzae
isolates. H. influenzae was isolated from different specimens including sputum, tonsils swabs, nasal swabs, otitis media swabs,
and nasopharyngeal swabs. Specimens were grown on blood agar and chocolate agar. The specimen was identified using
standard techniques, including biochemical tests, microscopic diagnosis, culture characteristics and PCR techniques.The effect
of different concentrations of citrus was examined against H. influenzae strains. The results revealed the effectiveness and
safety extracts of citrus against H. influenzae isolates that can be used to support the progress of alternative antimicrobial
drugs. Lemon juice was most effective than black- dried lemon and C. japonica with an inhibition zone of 27 mm.
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Introduction

Haemophilus influenzae, a Gram-negative Coccobacilli, is
frequently found as commensal in the human upper
respiratory tract, particularly in children [, This bacterium
can cause a variety of illnesses, from respiratory tract
infections to invasive disease. H. influenza consists of six
capsular serotypes (types a—f) and un-encapsulated types,
often known as non-typeable H. influenzae (NTHi) . This
bacterium can cause many severe diseases, including
pneumonia, epiglottitis, meningitis, and other infections in
children and adults. H. influenzae has a number of
mechanisms that make it resistant to antibiotic these
mechanisms including: the ability to produce Beta-
lactamase enzymes and by antibiotic-resistance mutations
B1, Citrus is considered a natural alternative that comforter
the respiratory tract and has been used worldwide to cure
such disease. Recently the world has turned its attention to
the study of medicinal plants and citrus is one of these
plants which has been found to have an inhibitory effect
against many pathogens ™. Citrus fruits belong to the family
of Rutaceae which is classified in to 140 genera and 1,300
species including Citrus limon and Citrus japonica [l
Citrus limon has many benefits including anticancer, anti-
diarrheal, antibacterial, antifungal, antiviral insecticidal and
antioxidant 221, C. limon is the best source of nutrients and
phytochemicals, including ascorbic acid, flavonoids,
carotenoids and essential oils . Citrus japonica or
Kumquat is an orange oval citrus fruit about 2-3 cm in
diameter, Kumquat has many benefits due to its content of
unsaturated fatty acids which decreases blood cholesterol
and can be utilized in preventing cardiovascular diseases.
This fruit also has antioxidant, antimicrobial, antitumor and
anti-inflammatory effects [, The present study aimed to
investigate the antibacterial activity of citrus against H.
influenzae and examine their benefits on respiratory tract
infections.

Materials and methods

Isolation of Haemophilus inflenzae

The respiratory tract swabs were obtained from patients
admitted to Mosul hospitals for the period between July and
October of 2022. A total of 120 different samples were
taken from individuals which includingZ: sputum, tonsils
swabs, nasal swabs, otitis media swabs and nasopharyngeal
swabs from both genders at ages ranging between (5-80)
years.

Bacterial culture and initial diagnosis

The specimens were transported to the laboratory using a
transport medium (chocolate brain heart infusion broth) and
kept in a cooled box.Then the swabs were cultured on blood
agar, gonococcal GC medium, MacConky agar, Levienthal's
medium and chocolate agar. Plates were incubated at 37°C
for (18-24) hours with 5% CO,. Suspected bacterial isolates
that belonged to H. influenzae were subjected to Gram stain,
oxidase test, and API-NH system (Biomereiux France).
Nutritional requirements of H. inflenzae to both X and V
factors were also tested.

Molecular detection of Haemophilus influenzae

Whole genomic DNA was extracted from suspected isolates
of H. influenzae under study using the DNA extraction kit
supplied by( Geneaid,USA). DNA was extracted according
to the steps recommended by the company . PCR assay
was used to amplify the 1495bp fragment of the 16S rRNA
gene,utilizing the primers F and R and the conditions were:
initial denaturation at 95°C for 3 minutes followed by 30
amplification cycles that included a denaturation step at
95°C for 30 seconds, annealing at 55°C for 30 seconds, and
extension at 72°C for 1 minute. A final extension step was
set at 72°C [l PCR products were analyzed on 1% agarose
gel, visualized using a transilluminator then the bands were
purified by GFX PCR DNA and Gel band Purification Kit
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and sent for sequencing at the Psomagene sequencing
company (USA).

Extraction of black dry lemon

Black dried lemon was obtained from the local markets of
Mosul city, Irag and has been crushed roughly. Soxhlet was
used in the extraction method by adding 200 gram of black
dried lemon with 200 ml of 95% ethanol for 7 hours. The
extraction solution was filtered, and then ethanol was
evaporated using a rotary evaporator at 40°C to produce the
crude extract. The extract was kept in a sterile glass
container at 4°C until further used 71,

Extraction of kumquat

Kumgquat fruits were obtained from the local market of
Mosul, washed with distilled water and dried in an oven at
45°C for two days. The fruits were crushed roughly and the
same procedure above was used in the extraction of black
dry lemon to obtain its crude extract. Extracts were then
kept in sterile glass bottles at 4°C until further used 2],

Preparation of lemon juice

Fresh C. limon was obtained from local market in Mosul
city, washed with distilled water and cut in to two halves
using a sterile knife to extract the lemon juice. The juice
was extracted gently and aseptically and then filtered by a

Whatman No.1 filter paper and kept at 4°C until further used
[19],

Preparation and sterilization of Alcoholic Extracts

The stock solution of the extracts were prepared by adding 1
gm of alcoholic extract from Kumgquat and black dry lemon
to 5ml of Dimethyl sulfoxide (DSMO) to obtain 200 mg/ml.
Sterilization was done using a Millipore filter I,

Antibacterial activity of citrus

The antibacterial activity of citrus (fresh lemon juice,
kumquat, black dried lemon) against H. influenzae was done
by using agar-well diffusion method as described elsewhere
BBl Four dilutions of the extracts were prepared (12.5, 25,
50, and 100 mg/ml) and tested against H. influenza isolates.
Chocolate Muller-Hinton agar plates were cultured with a
culture of H. influenza then wells of 6mm in diameter and 5
mm in depth were made using a sterile cork-borer.
Approximately 20 pl of each dilution was transferred into
the wells then plates were incubated at 37°C for 24 hours
with 5% COz [6].

Antibiotics sensitivity test

Antibiotic sensitivity test was done for all 12 isolates of H.
influenzae using disk diffusion method as described
elsewhere [, Briefly, 0.1 ml from H. influenza culture
(compared to 0.5 McFarland tube, 10 © cfu/ml) was spread
on Chocolate Muller-Hinton agar medium plates. Eight
antibiotic discs, Amoxiline (25mg), Erythromycin (10mg),
Azithromycin (15), Bacitracin (10mg),
Ciprofloxacin(10mg), Levofloxacin (5mag),
Chloramphenicol(10mg) and Cefotaxime (30mg), were
placed on the medium using a sterile forceps and plates
were incubated at 37°C for 24 hours with 5% CO, 2,
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Results and discussion

Sample collection and identification

Among 120 swabs from respiratory tract infections in the
city of Mosul-Irag, 102(85%) showed positive cultures. It
was found that only 12 cultures (10%) were approved to be
H. influenzae using 16S rRNA gene sequencing. PCR
products shown in figure 1 were sequenced and their
sequences were blasted against their counterparts in NCBI
and thereby identified as H. influenzae.

Fig 1: Amplification of 16S rRNA gene of selected samples of H.
influenzae.

Antibiotics susceptibility test

The ability of 12 H. influenzae isolates to resist eight
antibiotics, Amoxicillin (25mg), Erythromycin (10mg),
Azithromycin (15), Bacitracin (10), Ciprofloxacin(10),
Levofloxacin ~ (5mg), Chloramphenicol (10mg) and
Cefotaxime (30) were tested (figure 5). The results showed
that H. influenzae was resistant to many drugs especially
amoxicillin(100%), chloramphenicol(83.3%),
azithromycin(66.6%), and cefotaxime(75%) these results are
in agreement with Zhou and coworkers as they found that
the ratio of the resistance of bacteria to the antibiotic was
96% [*21. The current results also agreed with Amin as he
showed that resistance of H. influenzae isolates to
amoxicillin and erythromycin was 100% which is similar to
the current results 31, This resistance may be due to the
ability of H. influenzae to produce B-lactamase enzymes
which attack the B-lactam ring and cause alternation in
penicillin- binding proteins (PBPs) so the antibiotic
becomes useless 1. Because of the inefficiency of such
antibiotics our goal was to search for alternative agents that
are safer and have no side effects on human health 51,
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Table 1: Percentage of antibiotic resistance of H. influenzae to
antibiotics understudy.

Number and Number and
Antibiotics percentage of  |percentage of sensitive
resistance isolates isolates
Levofloxacin 3(25) 9(75)
Cefotaxime 9(75) 3(25)
Chloramphenicol 10(83.3) 2(16.6)
Erythromycin 12(100) 0(0)
Amoxicillin 12(100) 0(0)
Bacitracin 12(100) 0(0)
Azithromycin 8(66.6) 4(33.3)
Ciprofloxacin 4(33.3) 8(66.6)

Antibacterial activity of citrus

More than 50% of drugs are from natural sources and plants
account for more than 26 %of the total natural sources [°1,
Citrus fruits have many benefits on human health due to
their vitamin C (ascorbic acid) content in addition to their
bioactive components 71, Results from evaluating the
activity of citrus showed that fresh lemon juice has the
highest antibacterial activity against H. influenzae creating a
high inhibition zone that reached 27 mm when using the
concentration of 100mg/ml as shown in figure (2). Our
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results also showed that C. japonica or Kumquat extracts
had antibacterial effects against H. influenzae with an
inhibition zone that was around 25 mm when using the
concentration of 100mg/ml as shown in figure (4).The black
dry lemon extract showed less activity compared with
lemon juice and Kumquat as shown in figure (3). The
effectiveness of Black dry lemon extract is related to the
antiplasmin property and antimitotic properies . The
results shows that Citrus limon and C. japonica extracts
could be helpful toovercome the resistance problem to
antibiotic. Also this extracts have many phytochemical
constituents including flavonoids, steroids, tannins, phenols
and saponins. The presence of these components are
responsible for the potent antibacterial activity of the
extracts (22,

Table 2: Mean of inhibition zone in millimetres of four
concentrations of Citrus extracts against H. influenzae isolates.

. Citrus concentration in (mg/ml)

Type of Citrus 100 50 25 25
Black dry lemon 19 13 10 0
Fresh lemon juice 27 24 20 18
Kumgquat 25 22 16 13

o —

Fig 2: The antimicrobial effect of lemon juice extract
on H. influenzae.

Fig 3: The antimicrobial effect of Black dried lemon
extract on H. influenzae.

Fig 4: The antimicrobial effect of Citrus japonica
extract on H. influenzae.

Fig 5: Antibiotic susceptibility of H. influenzae on
chocolate muller Hinton agar to tested antibiotics
understudy.
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Conclusion and suggestions

Our current study showed that only 12 cultures (10%) from
120 swabs were approved to be H. influenzae using 16S
rRNA gene sequencing.This rate of isolation in specimens
taken from people with respiratory tract infections in the

city of Mosul,

Haemophilus influenzae showed high

resistance to amoxicillin, chloramphenicol, azithromycin,
and cefotaxime, Results showed that citrus extracts were
safe and effective against H. influenzae isolates, which can
be utilized to help the development of substitute
antimicrobial medicines. With a 27 mm inhibitory zone,
lemon juice outperformed black-dried lemon and Citrus
japonica.
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