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Abstract (150-300 words)

Background: Owing to their abundance and proximity to human surroundings, houseflies (Musca domestica)
are a major annoyance and serve as carriers of infectious disease-causing microorganisms to both humans
and animals. They can spread many infections through ingestion of contaminated food, drinks, water, and
other items as they dwell and feed on waste and decomposing matter. Our study aimed to determine the rate
of antibiotic-resistant bacteria colonizing houseflies against commonly used antibiotics.

Materials and methods: Houseflies were collected from the randomly selected fast-food and beverage
vending sites using sterilized trapping nets and deposited in capped containers and aseptically transported to
the Pharmaceutical Laboratory within 2 hours of collection for analysis. Then each housefly was transferred
into a universal bottle containing sterile normal saline and thoroughly shaken for a few seconds. An aliquot
of the solution was sub-cultured on MacConkey agar and incubated at 28°C for 24 hours. The resultant
discrete colonies were isolated and identified using the conventional methods, then subjected to antibiotic
sensitivity tests against 6 selected antibiotics. The multiple antibiotic resistance index (MARI) was
determined to ascertain the antibiotic resistance level.

Results: The study indicates that houseflies carried a significant number of antibiotic-resistant bacteria that
pose threats to public health. Escherichia coli, P. aeruginosa, P. vulgaris and K. oxytoca are four Gram-
negative bacterial species that colonized the collected houseflies. Over half (54%) of the bacteria were
resistant to the antibiotics. The majority (93%) of the bacteria exhibited MARI above 0.2, suggesting that
they were previously exposed to antibiotics.

Conclusion: The antibiotic resistance among the isolated bacteria was notably high. Most of the bacteria
exhibited a MARI higher than 0.2, indicating prior exposure to the antibiotics. Isolation of the enteric bacteria
points to unsanitary surroundings or inadequate hygiene among vendors.
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Introduction units, drainage systems, households or food/beverage vending

Insects in the order Diptera, such as flies, have one pair of wings
for flight and a residual second pair of wings, known as knobs,
which are used for balance. They frequently feed on decaying
stuff, such as garbage and animal and human feces, where bacteria
readily become attached to the sticky leg pads, hairs,
electrostatically charged exoskeletons, and sponging mouthparts
of flies (Sarwar, 2020). Thus, as the bacteria proliferate in the
mouth, regurgitation sites, and digestive system, houseflies can
"bio-enhance" their spread (Amendt et al., 2021). Adult flies can
travel up to 20 kilometers in one lifetime, facilitating transmission
of different microorganisms from dump and unsanitary
environments to other places, such as healthcare facilities, nursery

sites (Nayduch et al., 2023; Gwenzi et al., 2021).

Houseflies are more likely to transmit foodborne diseases,
particularly those contaminated by antibiotic-resistant bacteria,
due to their habitats and life cycle (Gwenzi et al., 2021,
Onwugamba et al., 2018). This method of transmission is
influenced by a number of factors, including the environment, fly
density, food chain, health services, and the closeness of animal
farms and humans (Ajibola, 2022). Foodborne illnesses pose a
serious risk to our communities and have both real and potential
financial repercussions. These foodborne illnesses have a
significant negative impact on public health by causing
gastrointestinal and other clinical symptoms in consumers
(DuPoint, 2007; Awad et al., 2024; White et al., 2004). The main
way that antimicrobial-resistant foodborne bacteria were

4 This work is published open access under the Creative Commons Attribution License 4.0, which permits free reuse, remix, redistribution and transformation provided due credit is given.
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contracted is by consuming contaminated animal-derived food or
water (Rossi et al., 2023; Gourama, 2020; White et al., 2004).

It is also widely acknowledged that the use of antimicrobials,
whether for growth promotion, prophylaxis, or treatment, can
select for resistant bacterial pathogens and that these pathogens
can spread through the food chain, despite the fact that opinions
on the health burden imposed by resistance in foodborne bacterial
pathogens vary greatly (Veloo et al., 2022; Sinnott-Stutzman &
Sykes, 2021; Gourama, 2004). Previous research has shown that
houseflies collected from hospitals, slaughterhouses, and landfills
may spread antibiotic-resistant illnesses (Shahanaz et al., 2025;
Nayduch et al., 2023; Amendt et al., 2021). Furthermore, research
indicates that due to their shared environments, bacteria from
humans and animals appear to share genotypes with those carried
by houseflies (Liu et al., 2022; Akter et al., 2020).

However, little is known about the potential for houseflies to
spread antibiotic-resistant microorganisms such as bacteria that
could potentially infect people in cities like Dar es Salaam.
Therefore, we intended to determine the antibiotic susceptibility
profiles of the Gram-negative bacteria that colonize houseflies in
different Dar es Salaam City localities because of their inherent
antibiotic resistance of Gram-negative bacteria and the health
risks they provide to urban residents in several middle- and low-
income countries, including Tanzania (Joachim et al., 2023; Zhou
et al., 2023; Maleki & Gankhaki, 2022; White et al., 2004).

Materials and Methods

Study Area and Design

This was a cross-sectional and laboratory-based study
conducted over a three-month period between February and
April 2023. It involved the collection of houseflies from
different localities of four administrative areas of Dar es
Salaam City, namely llala, Kinondoni, Temeke, and
Kigamboni. The city is Tanzania’s most populous commercial
hub, boasting over 9 million inhabitants according to the 2024
census, and covers an area of 1,590 square kilometers.

Sample Collection, Handling and Processing

Representative samples from randomly chosen fast-food or
beverage vending locations were selected using the random
stratified sampling technique. Fifteen (15) samples of
houseflies were collected from different areas in each of the
four districts. From 1 to 60, the houseflies were assigned
numbers. A pre-sterilized net was used to trap houseflies,
which were then kept inside a trapping net and individually
placed into a sterile container. The samples of houseflies were
collected and aseptically transported to the Pharmaceutical
Microbiology Laboratory for analysis within two hours. In
accordance with previous descriptions (Mendonga et al.,
2024), each housefly was identified before being placed in a
tube with 4mL of sterile normal saline. After 30 seconds of
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vigorous vortexing each tube, 0.5 mL of the solution was sub-
cultured onto MacConkey agar and incubated for 24 to 48
hours at 28°C. The resultant colonies were isolated and
identified using both colony morphological characteristics and
biochemical tests (Procop et al., 2020).

Antibiotic Susceptibility Profiling

The identified bacteria were subjected to the antibiotic
susceptibility tests (AST) against six commonly used and
clinically relevant antibiotics, namely sulfamethoxazole and
trimethoprim (SXT25), amoxicillin (AML30), ampicillin and
cloxacillin  (AMC30), erythromycin (E15), Augmentin
(ACL30) and ciprofloxacin (CIP5) (Remedica, Limassol,
Cyprus). The AST was performed using the Kirby-Bauer disc
diffusion method on Mueller Hinton agar (Carl Roth,
Germany). The diameters of inhibition zone (1Z) for each
bacterial isolate were determined and categorized as resistant,
intermediate or sensitive as per the Clinical Laboratory and
Standards Institute (CLSI) guidelines. For statistical purposes
and to ensure consistency of results, each of the test procedures
was performed in duplicate. Consequently, all numerical
values for the results are expressed as means.

Determination of MARI of the Isolated Bacteria

MARI is calculated as the ratio of the number of antibiotics to
which an organism is resistant to the total number of
antibiotics to which the organism is exposed. This metric
provides valuable insight into the resistance patterns of
bacteria. Bacteria having MARI > 0.2 implies that they
originate from a high-risk source of contamination where
several antibiotics are irrationally used (Mir et al., 2022).

Statistical Analysis

IBM SPSS statistics software version 26 (Chicago, USA) was
used for data analysis. According to each specific objective,
tables and figures were used to summarize both independent
variables (bacterial species, identified susceptibility, and
antibiotics) and the dependent variables (IZ and MARI).
ANOVA and regression analysis were used to examine the
association and correlation among the variables under
investigation; a difference was considered significant at p <
0.05.

Results

Study Areas and Sampling

Of the 60 houseflies collected, 55 yielded bacterial growth, of
which 50 (91.7%) carried Gram-negative bacteria (Table 1).
(corrected). There were comparatively more bacteria-loaded
houseflies in the surveyed localities of llala district than in
other districts. The most frequently isolated bacteria were P.
aeruginosa and E. coli by 36.5% (n =20) each, followed by P.
vulgaris (21.7%) as indicated in Table 1.

Table 1: Frequency of isolation of housefly-loaded bacteria per localities.

Isolated Bacteria

Locality P. aeruginosa P.vulgaris E. coli K. oxytoca Total
Temeke 4(7.3) 1(1.8) 6(11.0) 1(1.8) 12(21.8)
Kigamboni  4(7.3) 5(9.1) 1(1.8) 2(3.6) 12(21.8)
lala 8(14.5) 1(1.8) 7(12.7)  0(0.0) 16(29.1)
Kinondoni  4(7.3) 5(9.0) 6(11.0)  0(0.0) 15(27.3)
Total 20(36.5) 12(21.7) 20(36.5) 3(5.4) 55 (100.0)
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Chi-square test revealed an association between sampling locations
and the frequency of bacterial isolation from houseflies (X2 =
165.513; p<0.001; 2-sided). Multiple bacteria were present in ten
(18.2%) houseflies in variable numbers/proportions as indicated in
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Table 2. Isolates of E. coli were obtained from all surveyed
areas/sites. While K. oxytoca isolates were only found in Temeke
district and Kigamboni (Table 1).

Table 2: Ten houseflies carrying multiple antibiotic-resistant bacteria

Sample Bacteria isolated (antibiotic to which resisted)

1 K. oxytoca (E15); E. coli (All)

2 P. vulgaris (All); P. aeruginosa (AML30; E15, AMC30)

9 E. coli (SXT25, AML30, AMC30, ACL30); P. aeruginosa (AML30, E15, AMC30)
25 P. aeruginosa (SXT25), E. coli (E15, SXT25)

32 P. aeruginosa (E15, AML30, AMC30, ACL30); P. aeruginosa (AML30, AMC30)
33 P. aeruginosa (E15, ACL30); E. coli (E15, AML30, AMC30, ACL30);

35 E. coli (E15); E. coli (SXT25, E15; AML30)

39 E. coli (SXT25, E15; AML30, ACL30); P. vulgaris (E15, AMC30)

40 E. coli (SXT25, E15); P. aeruginosa(E15)

46 P. vulgaris (SXT25, AML30, E15); P. aeruginosa (AML30, E15; ACL30)

Keys: SXT25- sulfamethoxazole and trimethoprim; AML30- amoxicillin; AMC30- ampicillin and cloxacillin; E15-

erythromycin; ACL30-Augmentin; and CIP5-ciprofloxacin.

Antibiotic Sensitivity Test Results

Thirty (54.5%) of the houseflies carried bacteria resistant to
antibiotics, and of those, 10(33.3%) of them carried several
antibiotic-resistant bacteria. Multiple bacterial carriage in
houseflies was associated with antibiotic resistance (X?= 87.05;
df = 54; p< 0.001). The susceptibility of the isolated bacteria to
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the six widely used antibiotics varied noticeably. Statistical
analysis using the population (estimated marginal) means for
unequal sample sizes revealed clear differences in the
susceptibility of the bacteria against the tested antibiotics, as
indicated in Figure 1.
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Figure 1: Sample size- based analysis of the antibiotic susceptibility profiles of the isolated bacteria

The AST profiles of the isolated bacterial species against the six
chosen antibiotics are classified as sensitive, intermediate, and
resistant. These profiles. A total of 30(54.5%) of the tested bacteria
were resistant, while only about 30% (17) were susceptible to at least

one of the antibiotics (Table 3). Nevertheless, CIP5 is the only
antibiotic to which none of the isolates were resistant (Table
4).

Table 1: Generalized antibiotic sensitivity results of the isolated bacteria

Isolated Bacteria

AST remarks - - - Total

P. aeruginosa P. vulgaris E. coli K. oxytoca
Sensitive 7(12.7) 3(5.5) 6(10.9) 1(1.8) 17(31.0)
Intermediate 3(5.5) 2(3.6) 3(3.6) 0(0.0) 8(14.5)
Resistant 10(18.2) 7(12.7) 11(21.9) 2(3.6) 30(54.5)
Total 20(36.4) 12(21.8) 20(36.4) 3(5.5) 55(100.0)
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Over 75% of the isolated bacteria exhibited resistance to
AML30, E15, and AMC30. The isolates of E. coli showed
different antibiotic resistance rates (50-70%) as shown in
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Table 4. Of the isolates of P. vulgaris, only one (8.3%)
exhibited intermediate resistance to CIP5 (data not included).

Table 2: The rate of antibiotic resistance exerted by the bacteria colonizing the houseflies

Isolated Bacteria Tested Antibiotics

SXT25 AML30 E15 AMC30 ACL30
P. aeruginosa (n =20) 10(50.0) 15(75.0) 18(90.0) 11(66.0) 11(66.0)
P. vulgaris (n =12) 7(58.3) 8(66.7) 11(91.7) 9(75.0) 5(41.7)
E. coli (n = 20) 11(66.0) 12(60.0) 14(70.0) 10(50.0) 10(50.0)
K. oxytoca (n =3) 0(0.0) 0(0.0) 1(33.0) 1(33.0) 0(0.0)
Resistance rate per antibiotic  28(68.3) 35(85.4) 34(82.9) 31(75.6) 26(63.4)

MARI of the bacteria carried by the houseflies
As can be shown in Table 5, 47 (85.4%) of the tested bacteria
had MARI over the cutoff (=0.2), indicating that they

Table 3: MARI of the isolated bacteria colonizing houseflies

originated from a high-risk source of contamination by
antibiotic-resistant bacteria.

Multiple antibiotic resistance indices

Bacteria 0.17 0.33 0.50 0.67 0.83

P. aeruginosa 3(5.5) 3(5.5) 7(12.7) 4(7.2) 3(5.5)
P. vulgaris 1(1.8) 2(3.6) 1(1.8) 5(9.0) 3(5.5)
E. coli 3(5.5) 3(5.5) 4(7.2) 7(12.7) 3(5.5)
K. oxytoca 1(1.8) 2(3.6) 0(0.0) 0(0.0) 0(0.0)
Total 8(13.2) 10(17.0) 12(22.6) 16(30.2) 9(17.0)

A negative Pearson's correlation was revealed between ZI and
MARI (R = -0.317; p < 0.001; 2-sided). When the types of
antibiotics and tested bacteria were controlled for, regression

Discussion

Microorganisms, including bacteria, colonize both living matter
such as wounds and insects, and can temporarily colonize non-
viable things such as papers, foodstuffs and clothes, provided that
their minimum nutritional requirements are met (Cockell, 2021).
The persistent association of houseflies with humans, animals,
food, refuse, and excreta makes them potential mechanical or
biological vectors for the dissemination of pathogenic and
multidrug-resistant bacteria (Yin et al. 2022; Amendt et al.,
2021). In most low- and middle-income countries, major cities
like Dar es Salaam, their inhabitants reside in congested areas
without proper waste disposal infrastructures, which leads to
frequent outbreaks of foodborne and other related infectious
diseases (Yin et al. 2022). Because of living in proximity to
humans (synanthropic characteristic) and the tendency to feed on
animal and human wastes and decaying matter (coprophagic
nature), houseflies play a major role in spreading foodborne
infectious diseases (Rossi et al., 2023; Yin et al. 2022; Amendt et
al., 2021).

Three bacterial species were isolated from the houseflies, namely
E. coli, P. aeruginosa, and P. vulgaris, which exerted resistance
rates ranging from 50% to 100% against four of the 6 tested
antibiotics, suggesting that they could be excellent vectors for
dissemination of the antibiotic-resistant bacteria and thus
spreading AMR in the community (Monyama et al., 2023; Akter
et al., 2020). Pseudomonas aeruginosa is regularly found in soil
and water, but it is an opportunistic pathogen that causes various
infections in humans (Paprocka et al., 2022). While K. oxytoca is
part of the normal gut flora and can also cause several infections,
including urinary tract infections (UTIs) (Abass et al., 2020). Both

analysis showed that a 0.993 unit decrease in ZI resulted into
a 0.382 (p<0.001) increase in MARI.

P. aeruginosa and K. oxytoca are also major causes of healthcare-
associated infections attributable to significant morbidity in
humans, which are difficult to manage with first-line antibiotics
(Joachim et al., 2023; Yin et al., 2022). Proteus vulgaris are well-
known for their opportunistic pathogenicity and also cause UTIs,
respiratory tract infections, and pyogenic lesions (Wu et al.,
2024); though they reside in the soil, water, and fecal matter
(Baruah, 2024). Escherichia coli is part of the normal gut flora but
can also cause infections in humans such as UTIs and diarrheal
diseases, and hemolytic uremic syndrome, which are contracted
through eating contaminated food (Baruah, 2024; Nowicki et al.,
2021). Except for P. aeruginosa, the rest of the isolated bacteria
are normal flora of the human gut (enteric bacteria) (Wu et al.,
2022). Thus, their isolation from the houseflies indicates that they
originated from fecal or decaying matter (Baruah, 2024).
Recovery of these bacteria from houseflies found nearby fast
food, beverages and grocery vending areas is of great public
concern and echoes unsanitary or unhygienic conditions (Rossi et
al., 2023; Nowicki et al., 2023). Usually, except in severe cases,
many food-related infections are asymptomatic, and therefore
they are hardly reported or documented (Maleki & Gankhaki,
2022), and they may at the beginning be harmless. However, they
may proliferate in food and cause serious foodborne infections
(Adley & Ryan, 2025; Abebe et al., 2020). Nevertheless, most of
the isolated bacteria are opportunistic pathogens. They may be
dangerous for immunocompromised individuals if they ingest too
large amounts of such bacteria-contaminated foodstuffs (Rossi et
al., 2023).

Our study observed 8.3% intermediate resistance to CIP5
(ciprofloxacin) in Proteus spp., contrary to some previous
researchers who reported susceptibility to the antibiotic (Aradjo
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et al., 2023). Despite being resistant to several widely used
antimicrobial agents, Klebsiella oxytoca is becoming a significant
cause of hospital-acquired infections in humans (Abebe, 2020;
Abbas et al., 2020). In this study, it only exhibited resistance
against AMC30 and E150. Our observation differs from a
previous study that reported varying degrees of resistance (40—
80%) of K. oxytoca against CIP, suggesting prior exposure to the
antibiotic to be the cause (Aradjo et al., 2023). The observed
differences in resistance may be due to types of antibiotics to
which we were previously exposed and/or sources of the bacteria.

The high isolation rate of intestinal bacteria, particularly E. coli,
in foodstuffs is an indication of fecal contamination (Nowicki et
al., 2021). This is a consequence of the houseflies coming in
contact with feces and other animal waste. Bacteria residing in the
human gut when they are constantly exposed to antibiotics may
develop resistance (Shahanaz et al., 2025; Liu et al,
2022). Results indicate that all isolates of E. coli and over 70%
of isolates of P. vulgaris and P. aeruginosa were resistant to
E15. The antibiotic (E15) has a different mode of action from the
beta-lactams (AML30 and AMC30) or sulpha-derivatives
(SXT25); it acts by inhibiting protein synthesis, retarding
bacterial growth. Therefore, the E15 could be an alternative agent
for bacteria resistant to the two types of antibiotics (Zhou et al.,
2023; Impey et al., 2020).

Findings show a significant contribution of houseflies in
disseminating the pathogenic and antibiotic-resistant bacteria.
Slightly more than half of the isolated bacteria were resistant to
tested antibiotics. The isolation of multiple bacteria from a single
source/housefly suggests the possibility of exchange of antibiotic
resistance traits among them (Liu et al., 2022). The majority of
the isolates of P. aeruginosa and E. coli produced MARI above
0.2. Microorganisms exhibiting MARI greater than or equal to 0.2
confirm the presence of multi-drug-resistant traits originating
from the environment where there is an abuse of antibiotics
(Joachim et al.,2023; Maleki & Gankhaki, 2022).

Some of the limitations of our study include the small sample size,
not employing enrichment media for detection of fastidious
bacterial species found in low amounts. Because of high research
cost, cutting-edge techniques could not be employed to
investigate the resistance genes. Moreover, the short period of
study, and seasonal variability were not considered as it may also
affect the presence of bacteria in the environment. Lastly, the
bacterial counts were not performed, as was not the scope of the
study.

Conclusion

Escherichia coli, P. aeruginosa, P. vulgaris, and K. oxytoca
are opportunistic Gram-negative bacteria that were recovered
from houseflies. Slightly more than half of the isolated bacteria
from the houseflies were resistant to the tested antibiotics. The
majority of the bacteria had a MAR index greater than 0.2,
suggesting that the bacteria were previously exposed to
antibiotics. Additionally, enteric bacteria were identified,
demonstrating the unclean conditions in the areas investigated
or among the fast food and beverage vendors.

We recommend public health education among the city
residents on sanitary conditions in food vending areas and
personal hygiene for the vendors. Further studies should be
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conducted to quantify the bacterial contamination, expand the
study areas and increase the sample size to increase the
possibility of isolating more bacterial species that colonize the
houseflies and thus could be implicated in spreading AMR.
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