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Abstract

Background and aims: More than 15 million children worldwide are thought to
have one or more congenital or acquired visual impairments. If their immune
system is defective due to poor nutrition, children are more susceptible to eye
infections and other eye disorders. The ongoing, intense war and disruption of
social services have had a clear impact on the overall health and nutritional status
of children and the entire population in Yemen. Therefore, the purpose of this
study was to study bacterial conjunctivitis in malnourished children by identifying
bacterial causes and associated factors and determining patterns of ocular antibiotic
resistance in bacterial isolates.

Subject and methods: A cross-sectional study was carried out in the three selected
places (Alkhpt hospital in Al-Kapt district, Al-Khamis hospital in Al-Khamis
district, and Al-Joumhori hospital in Al-Mahwatt city), from November 2022 until
June 2023. The first clinical investigations of malnutrition and conjunctivitis were
done by doctors in the hospitals and recorded in the pre-designed questionnaire.
Collected eye swabs were investigated for bacteriological agents and antibiotic
susceptibility according to standard laboratory methods in the National Center of
Public Health Laboratories Sana’a (NCPHL).

Results: The study included 351 males (46.4%) and 406 females (53.6%). 143
children (18.9%) suffer from moderate acute malnutrition (MAM) and 55 (7.3%)
from severe acute malnutrition (SAM), with total global acute malnutrition equal to
198 (26.2%).There was a highly significant association of bacterial conjunctivitis
with MAM (OR=3.1, p<0.0001), SAM (OR=2.9, p<0.0001), and severe stunting
(OR=2.2, p<0.0001).

Conclusions: The severity of acute malnutrition was very high in the study area,
reaching a critical phase and exceeding the emergency threshold. The commonest
causative organisms of bacterial conjunctivitis were S. aureus and Branhamella
catarrahalis. Since there isn't a single medication that can effectively treat these
diverse species of bacteria, it's best to look into bacteriological culture and in vitro
antibiotic sensitivity.

Keywords: bacterial causes, bacterial conjunctivitis, children, malnutrition,
ophthalmic antibiotic resistance.

INTRODUCTION

develops as they grow. Both functional and
electrophysiological studies indicate that their visual

Over 15 million children worldwide are thought to
have one or more congenital or acquired visual
impairments'. According to a Ghanaian study,
congenital defects are responsible for 60% of juvenile
blindness and 93% of hospital visits are related to
acquired eye problems®2. Children do not have fully
developed vision at birth; instead, their capacity to see
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acuity is rather low from birth®. Infant’s rapid changes
in visual development mean that by the time they are
three to five years old, they are honing the skills they
have already learned®. During this period, any vision
problems that develop should be recognized and
addressed as once as they may be congenital or
acquired. Eye and vision problems can cause
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developmental delays, and the longer a visual problem
is ignored, the more the child's brain becomes
accustomed to it°.

“Conjunctivitis” is a general term that covers a variety
of conditions. Conjunctivitis, also known as “pink
eye”, is an inflammation of the outer layer of the white
part of the eye and the inner surface of the eyelid
makes the eye look pink or crimson. Itching,
discomfort, irritation, or searing could be present. The
affected eye may be “stuck” or have more tears in the
morning. Additionally, the white part of the eye may
enlarge. Itching is more likely to result from an allergic
reaction. Conjunctivitis can affect one or both eyes®.
Viral infections account for around 70% of cases of
infectious conjunctivitis, and bacterial infections cause
about 30% of cases. The non-infectious types, which
include neoplastic, immunogenic, mechanical/irritant/
toxic, and allergy, are less common than viral and
bacterial ~infections®’. An examination of the
occurrence of positive cultures in these situations
indicates that about 32% of patients who present to
their general practitioner with purulent (mucous)
secretions, prickly secretions in the eyelids, or red eyes
have bacterial origins. Although bacterial conjunctivitis
usually affects one eye, research by Shields and
Sloane®, and Silvester et al.’, have shown that it can
occasionally affect both eyes. Staphylococcal species
are most frequently contracted by adults with bacterial
conjunctivitis, followed by Haemophilus influenza and
S. pneumoniae'®. Children's conjunctivitis is bacterially
caused in 50-75% of cases; S. pneumoniae, H.
influenzae, or Moraxella catarrhalis are the most
common bacteria that cause these illnesses. The two
bacteria that cause the most severe cases of bacterial
conjunctivitis in children are Neisseria gonorrhoeae
and Chlamydia trachomatis. Ophthalmologists should
refrain from using broad-spectrum topical antibiotics
right soon because MRSA is the causative agent of up
to 64% of instances of topical antibiotic-resistant
staphylococcalconjunctivitis. Thereis no proof that any
particular topical antibiotic agent is superior to another.
An ophthalmologist must treat this with antibiotics that
are effective against MRSA, such as besifloxacin
ophthalmic suspension’**.

Antibiotic misuse is associated with a rise in bacterial
resistance, which is why there has been a global
movement to limit antibiotic use in recent years. In the
United Kingdom, for instance, GPs have recommended
less chloramphenicol for conjunctivitis; nevertheless,
because it was the first antibiotic to be made available
without a prescription, its use has multiplied®®. The
surveillance of pathogenic organisms and resistance
susceptibility patterns have a major impact on
antimicrobial selection. An important study conducted
in the US™. Research on trends in bacterial resistance
to antimicrobials over the past ten years has limited
application in the UK, since the antibiotic
chloramphenicol, which is widely used in the UK, is
not used in the USA due to a rare but purported
association between topically administered chloram-
phenicol and aplastic anemia’®. The ongoing, intense
war and disruption of social services have had a clear
impact on the overall health and nutritional status of
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children and the entire population in Yemen.
Therefore, the purpose of this study was to study
bacterial conjunctivitis in malnourished children by
identifying bacterial causes and associated factors and
determining patterns of ocular antibiotic resistance in
bacterial isolates.

SUBJECTS AND METHODS

Study design: This cross sectional study was carried
out in the three selected places (Al-Khpt hospital in Al-
Kapt district, Al-Khamis hospital in Al-Khamis district
and Al-Joumhori hospital in Al-Mahwatt city), from
November 2022 until June 2023 (time allowed for field
work for the Master’s degree).

The sample size: At 99% confidence levels, the
sample size was computed using the following
formula: Based on the information from the previous
year, the approximate number of children who attended
the four designated institutions for medical
examinations in a year is equal to 2000. According to
the study conducted in Yemen on adults by Al-Aryani
et al.”?, the estimated recurrence rate for bacterial
conjunctivitis in children was approximately 39%, with
an acceptable margin of error of 3.6%. Consequently,
in order to obtain results in the Yemen study areas that
are reasonably close to the actual results, we need at
least 757 pediatric patients at a 99% confidence level.
Data collection: Individual data were collected in a
self designed questionnaire including; nutritional stats,
clinical data, demographic data, association
conjunctivitis with malnutrition, and laboratory results.
Fields and laboratory works: The first clinical
investigations of malnutrition and conjunctivitis were
done by doctors in the hospitals and recorded in the
pre-designed questionnaire. Then, bacterial eye swabs
were taken for both eyes from all children in the three
selected places. Collected eye swabs were investigated
for bacteriological agents and antibiotic susceptibility
in detail. First, conjunctiva samples were collected
using sterile cotton swabs from the inferior
conjunctival fornix as per local protocol. Then swabs
were put in transport media, then transferred to the
National Center of Public Health Laboratories Sana’a
(NCPHL) for investigation and antibiotic sensitivity.
Following that, samples were inoculated onto
MacConkey agar, chocolate agar, and Columbia agar
containing 5% blood. It was then incubated in
environments that were appropriate. Following 24 and
48 hours of incubation, plates were checked for the
presence of microorganisms linked to conjunctivitis.
Lastly, common laboratory techniques were used to
identify the isolated organisms®™. A small amount of
bacterial proliferation is considered a negative
outcome.

Antibiotic sensitivity tests: In accordance with CLSI
recommendations, antimicrobial susceptibility testing
was performed on Muller-Hinton agar using the Kirby-
Bauer  disk  diffusion  method. = Commercial
antimicrobial discs (Oxoid, UK) have been used to
evaluate antimicrobial susceptibility. For ocular
infections, thirteen (13) antibiotics were selected with a
variety of modes of action, such as those that interfere
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with protein synthesis, DNA, and cell walls (Table 6).
The diameter of the inhibition zones were used to
calculate the antibacterial efficacy after incubation.
Based on the diameter of the inhibitory zone, the
bacterial strains were categorized as either resistant (R)
or sensitive (S)*.

Ethical approval: The official approval was given by
the Medical Ethics Committee of Sana'a University's
Faculty of Medicine and Health Sciences on May 12,
2021, with reference number 2021-15. Every research
participant signed a consent form. Every piece of
information, including patient identity and clinical
specifics, were kept private.

Statistical analysis: The data were analyzed using a
case-control study design in order to link potential risk
factors, such as starvation, to conjunctivitis. Children
with conjunctivitis who showed signs of bacterial
infection were matched with those whose bacterial
cultures were negative. The association odds ratios
(OR) and their 95% confidence intervals (CI) were
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observed using the chi square. 2x2 tables were utilized
to estimate values (OR, CI, %?) in order to determine
the potential odds ratio and significance of bacterial
conjunctivitis occurrence. A p-value of 0.05 or less
indicated statistical significance for the outcome.

RESULTS

Patients came from three different Al-Mahweet
governorate district: Al-Mahwatt city made up 40% of
the patients, Al-Kapt district made up 31.8%, and Al-
Khamis district made up 29.2%. In terms of mother
education, 245 (32.4%) of mothers are illiterate, 348
(46%) are in primary, elementary, or preparatory
school, 126 (16.6%) have a secondary diploma, and
only 38 (5.02%) are in a university. With respect to
father education, 161 (21.3%) of the fathers were
illiterate, 273 (36.1%) had a primary, elementary, or
preparatory diploma, 272 (36.6%) had a secondary
diploma, and just 51 (6.7%) had a university degree.

Table 1: Socio-demographic characteristics of the sick children involved in the study (n=757).

Socio-demographic characteristics

Number of the studied
sick children (N =757)

N (%)
Sex Male 351 (46.4)
Female 406 (53.6)
District Al-Kapt district 241 (31.8)
Alkhamis district 221 (29.2)

Al-Mahwatt city 295 (40)
Mother Illiterate 245 (32.4)
educational Primary/elementary/preparatory 348 (46)
level Secondary/diploma 126 (16.6)
University + 38 (5.02)
Father Illiterate 161 (21.3)
educational Primary/elementary/preparatory 273 (36.1)
level Secondary/diploma 272 (36)
University + 51 (6.7)
Father job Unemployed 252 (33.3)
Employed 500 (66.1)

Student 5(0.7)

Family Enough 83 (11)
monthly Not enough 674 (89)

income
Residency resident 582 (76.9)
Internally displaced 167 (22.1)
persons (IDPs)

Muhamsheen 8 (1.05)
Drinking Auvailable and Regular 162 (21.4)
water supply Auvailable but not regular 503 (66.4)
in the house Not available 92 (12.2)

In terms of occupation of the fathers, there were 500
(66.1) employed and 252 (33.3%) jobless. When
family monthly income was taken into account, 674
(89%) of the respondents did not have enough money
for their family each month, while 83 (11%) did. When
it came to residency, there were 582 (76.9%) residents,
167 (22.1%) internally displaced people (IDPs), and 8
(1.05%) Muhammashins. With respect to drinking
water supply in the homes of respondents, just 21.4%
of the children had a regular and readily available
supply, 66.4% had a supply that was readily available
but irregular, and 12.2% had no supply at all (Table 1).

Hundred and forty three children (18.9%) suffer from
moderate acute malnutrition (MAM), and 55 (7.3%) of
total children suffer from severe acute malnutrition
(SAM), with total globalacute malnutrition equal to
198 (26.2%). The Al-Khamis district had the highest
rate of malnutrition, accounting for 41.6% of all
children tested in the district. Considering the category
of chronic malnutrition (stunting) prevalence among
children attending hospitals in the three districts, the
rate of moderate stunting was 23.2%, while the severe
stunting rate for tested children was 17.8%. The overall
stunting rate was 41.1% (Table 2).
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Table 2: Prevalence of acute malnutrition and chronic malnutrition among the sick children seeking care in
health facilities by district in Al-Mahweet governorate.

Category of Acute malnutrition

Moderate acute Severe acute Global acute

malnutrition (MAM) malnutrition (SAM) malnutrition
Districts N (%) N (%) N (%)
Al-Kapt 49 (20.3) 9(3.7) 58 (24.1)
(n=241)
Al-Khamis 60 (12.6) 32 (6.7) 92 (41.6)
(n=221)
Al-Mahwatt 34 (11.5) 14 (4.7) 48 (16.4)
city (n=295)
Total (n=757) 143 (18.9) 55 (7.3) 198 (26.2)

Category of chronic malnutrition (stunting)

Districts Moderate stunting Severe stunting Overall stunting
N (%) N (%) N (%)

Al-Kapt 55 (22.8) 46 (19.1) 101 (41.9)
(n=241)
Al-Khamis 58 (26.4) 37 (16.7) 95 (41.7)
(n=221)
Al-Mahwatt 63 (21.4) 52 (17.6) 115 (39)
city (295)
Total n=757 176 (23.2) 135 (17.8) 311 (41.1)

Total positive growth was 22.5%, and the total non-
significant growth rate was 77.5%. The most common
bacteria isolated was S. aureus, with 34.7% of the total
isolates, followed by Branhamella catarrahalis at
22.4% and S. epidermidis at 10%, while H. influenzae
is counted as only 7.6% of the total isolates. Other
bacteria, such as Pseudomonas aeruginosa, E. coli, and
S. pneumoniae, were counted at 2.4%, 3.5%, and 2.9%,
respectively (Table 3).

The most common symptoms that occurred among
children clinically diagnosed as conjunctivitis were eye
itching (97.6%), red eye (85.3%), and gritty or scratchy
feeling (81.1%), followed by watering eye (70.1%),
and pinkness of the conjunctiva (62.9%). Less common
symptoms that occurred in children were conjunctiva
redness (45.4%), sticky discharge (45%), swelling of
the conjunctiva (44.6%), yellowish discharge (44.2%),
and vasodilatation (44.2%). A rare symptom that

occurred was crusting of the infected eye (34.7%).
Most of the infected patients had two eye infections
(84.9%), and only 15.1% had one eye infection. Co-
infections with upper respiratory tract infections
occurred in 25.1% of conjunctivitis patients, common
cold in 19.9%, and sore throat in 22.7% (Table 4).
There was a highly significant association of bacterial
conjunctivitis with  MAM, in which the rate of
conjunctivitis among this group was 41.9%, with an
associated odds ratio equal to 3.1, a Cl equal to 2.1-
4.5, an X? equal to 33.9, and a p<0.0001; and with
SAM, (rate of conjunctivitis=49.1%, OR= 2.9, a Cl=
1.6-5.1, X? =14.9, p<0.0001). Also, there was a highly
significant association of bacterial conjunctivitis with
global acute malnutrition, in which the rate of
conjunctivitis among this group of patients was 43.9%,
with an associated odds ratio equal to 4.1, a Cl equal to
2.8-5.8, and an X? equal to 63 and p<0.0001.

Table 3: Bacterial pathogens isolated from the 757 children by collecting eye swabs.

Pathogens

N (%)

S. aureus

S. epidermidis
S. pneumoniae
S. viridians

S. pyogenes

Lancefield Group C streptococci

S. faecalis

Non-hemolytic streptococci

B. catarrahalis
H. influenzae
P. aeruginosa
E. coli

Enterobacter species

Klebsiella species
S. marcescens
Proteus species
Moraxella species
C. albicans

Total non-significant growth

59 (34.7)
17 (10)
5(2.9)
2(12)
1(0.6)
1(0.6)
2(12)
1(0.6)

38 (22.4)
13 (7.6)
4 (2.4)
6 (3.5)
2(12)
2(12)
2(12)
3(1.8)
6 (3.5)
6 (3.5)

587 (77.5)

Total positive growth
Total tested for eye swab culture

170 (22.5)
757 (100)
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Considering the category of chronic malnutrition
(stunting), there was a highly significant association of
bacterial conjunctivitis with severe stunting, in which
the rate of conjunctivitis among this group of patients
was 36.3%, with an associated odds ratio equal to 2.2,
a Cl equal to 1.5-3.2, and an X2 equal to 15.2 and
p<0.0001. Also for overall stunting, there was a highly
significant association between bacterial conjunctivitis
and the rate of 36.3%, with an associated odds ratio
equal to 1.6, a Cl equal to 1.2-2.3, X?equal to 9, and a
p-value of 0.002. Considering the normal healthy
children group, there was a very low rate of
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conjunctivitis with a protected odds ratio equal to 0.06,
Cl=0.04-0.16 and this result is confirmed to be
significant (X?=77, p<0.0001).

There was no significant association between bacterial
conjunctivitis and sex. Considering districts, there was
a highly significant association of bacterial
conjunctivitis with Al-Khamis district, in which the
rate of conjunctivitis among this group of patients was
31.2%, with an associated odds ratio equal to 1.8, a Cl
equal to 1.3-2.6, an X? equal to 10.7, and a p-value of
0.001 (Table 5).

Table 4: Clinical signs of conjunctivitis among the children seeking care in health facilities in
Al-Mahweet governorate.

Signs

N (%)

Positive bacterial growth

Sticky discharge
Yellowish discharge

Gritty or scratchy feeling
Crusting of the infected eye

Red eye

Swelling of conjunctiva
Watering eye

Normal pupils reactive
Itching

One eye infection

Two eye infections

Pinkness of the conjunctiva

Vasodilatation
conjunctiva redness
Upper respiratory tract
Common cold

Sore throat

Clinical diagnosed conjunctivitis

170/251 (67.7)
113/251 (45)
111/251 (44.2)
201/251 (80.1)
87/251 (34.7)
214/251 (85.3)
112/251 (44.6)
176/251 (70.1)
161/251 (64.1)
245/251 (97.6)
38/251 (15.1)
213/251 (84.9)
158/251 (62.9)
111/251 (44.2)
114/251 (45.4)
63/251 (25.1)
50/251 (19.9)
57/251 (22.7)
251/757 (33.2)

The susceptibility patterns of the main bacteria isolated
from individuals with conjunctivitis to the several
antibiotics that are frequently used for ocular infections
are displayed in Table 6. Antibiotic resistance in the
eyes in S. aureus isolates ranged from 6.8% for
polymyxin B to 55.9% for erythromycin. Ophthalmic
antibiotic resistance in B. catarrahalis isolates varied
from 5.3% for levofloxacin and polymyxin B to 78.9%
for erythromycin. Ocular antibiotic resistance in H.
influenzae isolates ranged from 0.0% for ciprofloxacin
and polymyxin B to 46.2% for erythromycin. The rate
of resistance to the ocular antibiotic in isolates of S.
epidermidis varied from 11.8% for ofloxacin,
moxifloxacin, polymyxin B, chloramphenicol, and
fusidic acid to 41.2% for erythromycin and
azithromycin.

DISCUSSION

In the current study, global acute malnutrition (GAM)
affects 198 children (26.2%), of whom 143 (18.9%)
have moderate acute malnutrition (MAM) and 55
(7.3%) have severe acute malnutrition (SAM). This
high prevalence of GAM s classified as a critical
phase, and it exceed the emergency threshold 15%".
The national rate of GAM for Yemen was 16% in the
last demographic health survey (DHS) in 2013,
Nonetheless, the GAM rates in the governorates of Ibb
and Sana'a were categorized as inadequate (between

5% and 9.99%), according to the Nutrition Cluster
report (SMART) released in April 2017, The overall
stunting rate was 41.1% in the current study. The high
rate of acute and chronic malnutrition among the
children under five years in Al-Mahweet governorate is
continue due to deterioration of food security in
Yemen which it is expected to continue as long as the
conflict is ongoing, thus acting household livelihoods
and the general marketing situation. Food prices have
sharply increased in local markets, which deprives the
majority of this survey population who depend on the
local market to get their daily food. In addition to high
prices, other challenges include a reduction in family
income from farming, fishing, or governmental
salaries™.

Perhaps the most delicate organ in the human body is
the eye. The eye must retain a transparent and healthy
surface despite being exposed to pathogens, allergies,
and physical shocks from the outside world in order for
the retina to be exposed to light for optimal vision. The
eye must also avoid reacting to these dangers in the
same way that other organs do since doing so may
compromise the eye's ability to detect light.
Additionally, the surface of the eye is home to a unique
microbiome that controls the growth of pathogens and
offers protection without needlessly causing inflam-
mation. Ocular barriers, including the lids, tear film,
and antimicrobial substances, physically shield the eye
under normal physiological conditions.
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The innate and adaptive immune systems, in
conjunction with the microbiome, also inhibit the
proliferation of pathogenic organisms'®#. Infection
may occur when these defenses are compromised by a
systemic illness, physical trauma, wearing contact
lenses, or other environmental stresses* 2.

Nevertheless, the majority of pathogens responsible for
bacterial conjunctivitis’??, keratitis*, and postoperative
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endophthalmitis®** originate from the natural flora.
According to the current investigation, 32.2% of the
251/757 children (33.2%) with clinically confirmed
conjunctivitis also had no detectable harmful micro-
organisms. The current study's bacterial culture eye
swab positivity rate was 22.5%; this is less than the
51.7% positive bacterial rate reported from babies in
Sana'a, Yemen, who had ocular discharge?.

Table 5: Association of malnutrition, sex and district with occurrences of bacterial conjunctivitis
among children seeking care in health facilities in three districts in Al-Mahweet governorate.

Factors Positive culture, n=177 OR 95% CI X2 p
N (%)
Category of Acute malnutrition
MAM , n=143 60 (41.9) 3.1 2.1-45 33.9 <0.0001
SAM, n=55 27 (49.1) 2.9 1.6-5.1 14.9 <0.0001
Globel acute malnutrition 87 (43.9) 4.1 2.8-5.8 63 <0.0001
n=198

Category of chronic malnutrition (stunting)

Moderate stunting, n=176 41 (23.3) 0.9 0.65-1.4 0.02 0.8
Severe stunting, n=135 49 (36.3) 2.2 1.5-3.2 15.2  <0.0001
Overall stunting, n=311 90 (28.9) 1.6 1.2-2.3 9 0.002
Normal healthy, n=248 10 (4.03) 0.06  0.04-0.16 77 <0.0001
Sex
Male, n= 351 91 (25.9) 1.3 0.9-1.8 2.3 0.12

Female, n= 406 86 (21.2) 0.76 0.5-1.07 2.3 0.124
Districts
Al-Kapt district, n=241 61 (25.3) 1.2 0.8-1.6 0.7 0.39
Al-Khamis district, n=221 69 (31.2) 1.8 1.3-2.6 10.7 0.001
Al-Mahwatt city, n=295 47 (15.9) 04 0.33-0.71 149  <0.0001

Additionally, the current study rate (22.5%) is lower
than that of Al-Eryani et al.’?, who found that among
adult patients who previously presented to their
medical practitioner in Sana'a city with red eyes,
purulent (mucous) secretions, or prickly secretions in
the eyelids, the positive growth rate was 39.5%.
Furthermore, this outcome is even lower than that of
adult patients in the USA who presented to their
general practitioner with purulent (mucous) or prickly
discharges in their eyelids, with a reported 32% of
them having bacterial etiology’. However, the bacterial
rate in this study was higher than the low-positive
isolation rate of 15.8% of all conjunctivitis cases
reported by Silvester et al’® in the UK in 2016.
Variable rates of positive isolates have also been
reported in other investigations??. If all isolated
bacteria are included in some research instead of
simply pathogenic bacteria, then this discrepancy can
be explained. Furthermore, as bacterial swabs were
obtained from every patient with  suspected
conjunctivitis, including those with viral conjunctivitis,
the isolation rate may be lower than the true rate.
Numerous patients arrived after beginning topical
antibiotic treatment, which may have lowered the
current study's positive isolation rate. Furthermore,
Saudi Arabia (60%) and lIraq (69%) showed higher
incidence rates among neonates***°. However, greater
incidence rates-81.5% and 80.5%, respectively from
Iran and the United Arab Emirates were also
recorded® 2, This significant range can be explained
by wvariations in the geographic distribution of
infections and in the quality of prenatal and obstetric
care provided.

S. aureus accounted for 34.7% of all the isolates in the
current investigation, followed by B. catarrahalis
(22.4%) and S. epidermidis (10%), with H. influenzae
accounting for just 7.6% of all the isolates. The
prevalence of S. aureus in our investigation is
consistent with the fact that S. aureus is a global
contributor to a number of eye diseases, including
endophthalmitis, blepharitis, cellulitis, conjunctivitis,
keratitis, and dacryocystitis"**%3* S, aureus is
regarded as a powerful and frequently hazardous
pathogen due to its capacity for multidrug antibiotic
resistance and the astounding variety of toxins and
enzymes in its toolbox®>¢. The current study's findings
are consistent with those published by Azari and
Barney’ and Smith and Waycaster *" in the USA, where
S. aureus, S. pneumoniae, and H. influenzae were the
most  prevalent pathogens causing bacterial
conjunctivitis in adults. Consistent with reports from
US and UK research, the most prevalent bacteria wasS.
aureus®**®, According to what other workers have
reported, cross-infection is probably the cause of the
high S. aureus infection rate.

Other bacteria included in the study included E. coli, S.
pneumoniae, and P. aeruginosa, which had counts of
2.4%, 3.5%, and 2.9%, respectively. These rates differ
from the findings of the Al-Arosi et al.?, study, which
indicated that S. aureus was the most frequent causal
agent with a high proportion of 56.2%, followed by K.
pneumoniae (28.6%), E. coli (12.4%), and P.
aeruginosa (2.9%). Similarly, a number of studies from
various countries throughout the world, including the
United Arab Emirates, Iran (53.9%), Nigeria (57.1%),
and Pakistan (65%), have shown that S. aureus is the
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primary bacterial cause of newborn conjunctivitis®>*.

In contrast, the main isolates from Saudi Arabia, Iraq,
and India were, respectively, 26.32%, 25.36%, and
35% of E. coli, K. pneumoniae, and E. clocae®®*°“°,

Neisseria gonorrhoeae and C. trachomatis, which are
typically causes of ophthalmia neonatorum, have not
been diagnosed in these three institutions despite the
fact that prophylaxis for neonatal cases of either
disease was not practiced. A comparable discovery of
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negligible or nonexistent instances of gonococcus and
chlamydial conjunctivitis has been documented in
other sources®**!. The results might point to an
uncommon case of chlamydia and gonorrhea in the
community. In the event that an ocular infection does
arise, harm from the infection and the immune
response must be avoided by quick and efficient
treatment. The pathogen's identification informs
clinical decisions about the treatment of eye illnesses.

Table 6: Antibiotic resistance rate of major bacterial isolates that isolated from children to antibiotics
commonly used to treat eye infections.

Antibiotics S. aureus, n=59 B. catarrahalis, n=38 S. epidermidis, n=17 H. influenza, n=13
N (%) N (%) N (%) N (%)
Ciprofloxacin 17 (28.8) 2 (5.3) 3(17.6) 0 (0.0)
Ofloxacin 14 (23.7) 3(7.9) 2 (11.8) 1(7.7)
Levofloxacin 15 (25.4) 2 (5.3) 3(17.6) 1(7.7)
Moxifloxacin 14 (23.7) 3(7.9) 2 (11.8) 1 (7.7)
Tobramycin 29 (49.2) 13 (34.2) 5(29.4) 2 (15.49)
Gentamicin 27 (45.8) 10 (26.3) 3(17.6) 2 (15.4)
Erythromycin 33 (55.9) 30 (78.9) 7(41.2) 6 (46.2)
Azithromycin 31 (52.5) 26 (68.4) 7 (41.2) 5 (38.5)
Bacitracin 20 (33.9) 14 (36.8) 4 (23.5) 4 (30.8)
Polymyxin B 4 (6.8) 2 (5.3) 2(118) 00 (0.0
Neomycin 15 (25.4) 2(5.3) 3(17.6) 1 (7.7)
Chloramphenicol 14 (23.7) 8 (21.1) 2 (11.8) 2 (15.9)
Fusidic acid 5 (8.5) 4 (10.5) 2(11.8) 2 (15.4)

The reasonable question to ask is, “Is this bacterium a
pathogen or a commensal?” after the culture results are
back. While many ocular bacteria can be either
commensal or pathogenic based on the circumstances
of the eyes, several types of bacteria are always
thought of as pathogens. That is the point of
intersection between the art and science of choosing an
empirical treatment. Understanding both pathogenic
and normal ocular microorganisms is essential for
timely and efficient therapy’®*®. The susceptibility
patterns of the main bacteria isolated from individuals
with conjunctivitis to the several antibiotics that are
frequently used for ocular infections are displayed in
Table 6. Ocular antibiotic resistance in S. aureus
isolates ranged from 6.8% for polymaxin B to 55.9%
for erythromycin. This makes it obvious that no single
medication can effectively treat all of these different
kinds of bacteria. Based on the study's findings, certain
generalizations about how to treat pediatric
conjunctivitis in the absence of laboratory facilities can
be made because fusidic acid and neomycin can be
given and are effective against the majority of bacteria
identified from this age range. As an alternative, you
could utilize polymyxin B and moxifloxacin.

Considering the association of malnutrition, district
with occurrences of bacterial conjunctivitis. There was
a highly significant association of bacterial conjunct-
tivitis with MAM. The findings are in agreement with a
study by Dias et al., in Portugal®?. This is explained by
the possibility that malnourished children who are
already weakened may experience conjunctivitis more
frequently, as their undeveloped lacrimal system allows
germs to proliferate. When the lacrimal system is
functioning properly, tears are produced, the eyelids'
opening and shutting functions as a pump to help tears
spread throughout the surface of the eye, and the

lacrimal ducts work as a drainage system, carrying
germs and epithelial debris away with the tears*.
Considering the category of chronic malnutrition
(stunting), there was a highly significant association of
bacterial conjunctivitis with severe stunting, in which
the rate of conjunctivitis among this group of patients
was 36.3%, with an associated odds ratio equal to 2.2,
a Cl equal to 1.5-3.2, and an X2 equal to 15.2 and
p<0.0001. This correlation can be explained by the fact
that undernourished children regularly exhibit
deficiencies in the innate and adaptive arms of the
immune system®. Numerous research examine the
theory that immunological dysfunction causes and
results from starvation, and they provide an overview
of the most important recent experimental data. 245
studies documenting immunological parameters in
malnourished children (age 0-5 years) were published
between 1957 and 2014, according to a recent
systematic literature analysis**. The analysis does point
out that most of the trials were done on hospitalized
children with severe forms of malnutrition and many
co-infections, and they were done using outdated
immunological techniques some decades ago. Lack of
long-term investigations, especially for mild and
moderate malnutrition, made it difficult to characterize
immunodeficiency.

Therefore, the exact nature of immunodeficiency in
undernutrition is still unknown; nonetheless, the
evidence that is currently available generally agrees
that malnutrition impairs both innate and adaptive
immunity. Innate immune dysfunction includes
decreased complement proteins, fewer circulating
dendritic cells, decreased granulocyte microbicidal
activity, impaired epithelial barrier function of the skin
and mucus membranes, including the gut and eyes, but
preserved leukocyte counts and acute phase response.
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Defects in adaptive immune function include reduced
levels of soluble IgA in saliva and tears, lymphoid
organ atrophy, reduced delayed-type hypersensitivity
responses, fewer circulating B cells, a shift from Thi-
associated to  Th2-associated  cytokines, and
lymphocyte hyporesponsiveness to phytohemaggluti-
nin, but preserved lymphocyte and immunoglobulin
levels in peripheral blood. Despite this, most
malnourished children seem to respond adequately to
vaccination, although the timing, quality, and longevity
of vaccine-specific responses may be impaired*>“.
When districts were taken into account, the Al-Khamis
district showed a highly significant correlation with
bacterial conjunctivitis. Among this patient group, the
rate of conjunctivitis was 31.2%, with an associated
odds ratio of 1.8, a confidence interval of 1.3-2.6, an
X2 of 10.7, and a p-value of 0.001. This outcome can
be explained by the Al-Khamis region's higher
endemicity of infectious diseases, its location in a hot
and humid climate, and its relative poverty compared
to the other regions. In addition, this district had greater
rates of all forms of malnutrition than the other two
districts.

Limitations of the study

One of the limitations of this study is that it is a single-
center research study so the results cannot be
extrapolated to the national level. Furthermore, the
sample size of the current study was not large enough,
so a larger population size could have provided more
accurate results. Eye injury or malnutrition were not
linked to all demographic factors of the children and
their families.

CONCLUSIONS

Malnutrition among children in  Al-Mahweet
governorate is a serious public health problem as it is
in other parts of Yemen, and the severity of acute
malnutrition was very high in the study area reached
critical phase, and exceed the emergency threshold.
The majority of families in Yemen depend on food
purchase from the market, which is itself a disaster
because of economic deterioration and lack of salaries
and most children families did not have enough
monthly income. The commonest causative organisms
in the children were S. aureus and B. catarrahalis.
Since there isn't a single medication that can effectively
treat these diverse species of bacteria, it is best to look
into bacteriological culture and in vitro antibiotic
sensitivity.
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