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High Prevalence of Antibiotic-Resistant
Otitis Media–Associated Bacterial Flora
of Asymptomatic People Living with HIV
at Morogoro Hospital, Tanzania
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Abstract
Objectives: The study aimed to determine the prevalence of otitis media (OM)-associated bacterial flora of asymptomatic
people living with HIV (PLH) on antiretroviral therapy (ART) and assess antibiotic resistance profiles of the bacteria.
Methodology: Ear secretion specimens were collected by syringe or cotton swabs. Isolated bacteria were subjected to
antibiotic sensitivity tests. Results: Of 290 recruited PLH, 81.7% were females and 18.3% males; their CD4þ counts ranged
from 0 to 1770. Staphylococcus aureus, Klebsiella pneumonia, and Escherichia coli were the predominant bacteria. High antibiotic
resistance was detected on Streptococcus pyogenes and Streptococcus pneumoniae. The prevalence rate of OM-associated bacteria
(OAB) was 93.4%, and majority of the bacteria were resistant to multiple antibiotics. Linear association between the prevalence of
OAB with both duration of ART and CD4þ counts was observed. Conclusion: High prevalence rates of OAB and antibiotic
resistance were observed. Negative correlation between CD4þ counts and prevalence of OAB was revealed.
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Introduction

Human immunodeficiency virus (HIV) infection continues to

be a vexing problem among people living with HIV (PLH),

particularly children, and it is associated with a diversity of

health problems in the head and neck regions including otitis

media (OM).1,2 Otitis media is a set of inflammatory diseases

of the middle-ear. The most important conditions are acute OM

without perforation, acute OM with perforation, OM with effu-

sion, and chronic suppurative OM.3-5 The disease is a common

entity in both immunocompetent and immunosuppressed indi-

viduals.5-8 However, recurrent microbial infections and com-

plications secondary to OM are more common in PLH.4,6,8-10

Streptococcus pneumoniae and Moraxella catarrhalis were

previously regarded as the most common bacteria attributed to

OM in all age groups.11-13 A notable change in the microbiol-

ogy of OM occurred with the spread of b-lactamase-producing

strains of Haemophilus influenza and M catarrhalis,13-15 which

emerged simultaneously with HIV infection. Since HIV/AIDS

is also accompanied by a number of opportunistic infections

(OIs), PLH are at risk for a wide spectrum of diseases both

common and exotic.16-18 As the HIV infection progresses to

AIDS as a consequence of decreased CD4þ T cells, PLH

become ever more at risk of the atypical OIs12,19, since patients

who have responded to highly active antiretroviral therapy

(HAART) may have had CD4þ counts that were low in the

past but have increased as a result of the therapy. Such CD4þ

T-cell counts probably mask causal immune deficiency.20,21

An individual’s risk of OIs ought to be based on their previous

lowest CD4 counts, not on their most recent CD4 counts.22

Worldwide, OM continues to be an important public health

problem among PLH.9,12,18 The most common OM pathogen,

S pneumoniae, has been implicated as part of the current antibiotic

resistance crisis.23,24 Multidrug-resistant pathogens have also been

isolated from patients with invasive infections, from immunosup-

pressed individuals, and from carriers.25,26 Globalization (easy
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travel around the world) has further disseminated the

antimicrobial-resistant microorganisms; hence, antimicrobial-

resistant infections have become a global calamity.27,28

Published data on chronic suppurative OM are difficult to

find in developing countries and for that reason the optimal

management of OM is still an unsolved problem.5,29 Firstly,

because there is no consensus on diagnostic criteria,30 and

secondly, a majority of the previous studies have focused on

clinical diagnosis with little or no report on the microbiological

etiology of OM.31,32 There exists a dearth of knowledge on

studies conducted on prevalence rates of OM in PLH in relation

to microbiological examination. Thus, this study intended to

assess the prevalence of OM-associated bacterial flora of

asymptomatic PLH and antibiotic resistance profiling of the

bacteria. Because PLH are constantly exposed to both antire-

troviral (ARV) medications and antimicrobial agents for pro-

phylaxis of OIs, any observed changes in antibiotic

susceptibility may have crucial therapeutic implications.31

Materials and Methods

Study Design and Sampling Procedures

Nonprobability (convenience sampling) technique was

employed to recruit all PLH (with and without OM) attending

the center for treatment and care (CTC) services at Morogoro

Regional Referral Hospital willing to participate in the study.

The lower age limit of eligibility was 2 months of age.33 Acute

OM was diagnosed on the basis of otoscopic findings of either

middle-ear effusion or purulent otorrhea with duration of less

than 24 hours and/or patients’ complaints. HIV-infected preg-

nant women in their second or third trimester and patients below

18 years of age were excluded from the study unless parents’ or

guardians’ verbal or written consents were obtained.33

Data Collection

Following a written informed consent, a standardized clinical

history and physical examinations were conducted. This was pre-

ceded with collection of ear secretion specimens. A structured

questionnaire was used to collect data on antibiotics usage prior

to registration or attendance at CTC. Emphasis was on whether

PLH might have been using antibiotics for prophylaxis of OIs,

which could be associated with current observations on antibiotic

resistance. Patient’s personal particulars on age, sex, weight, and

other information relevant to the study were also sought through

the guided interviews. The selection of 7 tested antibiotics for this

study emanated from the information offered by the PLH via the

interviews. Participants were then requested to return to the clinics

on the 1st, 4th, and 24th weeks after the baseline visit. At each

visit, ear secretion specimens were collected and the standardized

clinical history and physical examination were repeated.

Microbiological Laboratory Procedures

Middle-ear secretion specimens were collected on sterile swabs

or cotton wools. Initial isolation procedures for microorganisms

were performed on blood and chocolate agar plates and aero-

bically incubated at 37�C, while chocolate agar plates were

incubated in the presence of 5% to 10% carbon dioxide. All

isolated bacteria were subcultured onto transport nutrient agar

slant and sent to Muhimbili University of Health and Allied

Sciences (MUHAS), at Pharmaceutical Microbiology Labora-

tory for further identification and in vitro susceptibility testing.

Antimicrobial susceptibility testing was performed on Mueller-

Hinton agar plates.

The identified bacterial isolates were subjected to suscept-

ibility testing against 7 widely used and commercially available

antibiotic sensitivity discs, namely ampicillin (30 mg), erythro-

mycin (15 mg), amoxicillin/clavulanic acid (Augmentin; 30 mg),

ciprofloxacin (5 mg), amikacin (30 mg), gentamicin (10 mg), and

co-trimoxazole (25 mg); Oxoid Limited, Basingstoke, United

Kingdom), using the Kirby-Bauer disk diffusion method.34

Antibiograms were validated using standardized control strains

of Escherichia coli (ATCC 25922), Klebsiella pneumoniae

(ATCC 700603), and Staphylococcus aureus (ATCC25923) and

Pseudomonas aeruginosa (ATCC27853). Bacterial isolates

interpretive criteria were used to evaluate inhibition zone (IZ)

as per Clinical Standards Laboratory Institute guidelines.35

Data Analysis

Data were analyzed using the IBM SPSS Statistics 20 computer

package (SPSS for Windows 20.0; SPSS Inc, Chicago, Illinois)

software. Logistic regression technique was used to test for sta-

tistical independence of CD4þ T-cell counts, age, body weights,

and duration of antiretroviral therapy (ART) in relation to the

prevalence of OM and antibiotic-resistance rates among isolated

bacteria. Where the null hypotheses of independence were

rejected, subsequent analyses were conducted at the appropriate

level of detail for further comparisons. Analysis of variance was

employed to compare means of IZs of the isolated bacteria

across the population. The Dunnett test (2 sided) was used to

compare the level of significant differences in antibiotic suscept-

ibility/IZ between each bacterium with its respective control/

reference strain. Differences in IZ among the isolated bacteria

and other tested variables were considered significant at P < .05.

Ethical Consideration

Following approval of this study by the MUHAS ethical com-

mittees and permission to conduct the study from the hospital

authorities, all participants were clearly informed of the objec-

tives of the study and were provided with both verbal and

written informed consent. For PLH under 18 years old, apart

from their parents/guardians’ consents, a personal informed

verbal consent was sought from each of them. They were also

vividly explained that all information gathered and laboratory

results will be used for academic purpose and betterment of

their health care at large. In order to maintain confidentiality,

data were coded and then entered into the computer database

for analysis and interpretation. Neither patients’ names nor any

other personal details were disclosed.
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Results

Demographic Characteristics of the Study Population
in Relation to OM

A total of 290 PLH with asymptomatic OM attending the CTC

services at Morogoro Regional Referral Hospital from July 2015 to

September 2017 were recruited in this study. Of 290 PLH, 237

(81.7%) and 53 (18.3%) were females and males, respectively. The

ages of the PLH were between 2 months and 81 years, with the

median age of 43 years and the modal age of between 36 and

53 years. Slightly more than half of the participants were of age

ranging from 36 to 54 (56%). Their body weights ranged from 8 to

172 kg, with the median weight of 58 kg. Significant differences

were observed with regard to the prevalence OAB among patients’

age groups and CD4þ T-cell counts (P < .05). As per patient clinic

records, the attendance at the CTC was dated back from 2003 to

2017. The immunological status (CD4þ T-cell counts per milli-

liter) ranged from 0 to 1770 CD4þ cells/milliliter cubic (mm3),

with the median of 455 (350-700) CD4þ T cells/mL (Table 1).

Bacteria Isolation and Prevalence of OAB With Respect
to HIV Status

From 290 PLH, a total of 10 different species of bacteria were

isolated and identified (also classified as significant bacterial

growth [SBG]), in which 271 (93.65%) patients had the presence

of bacterial flora associated with ear infection/OM, while 19

(6.4%) patients had no ear infection (no bacterial growth). Major-

ity of the isolated bacteria was comprised of S aureus (48.3%; n¼
129 + 21) (‘1’- stands for the superscript ‘a’) and the least was

Streptococcus pyogenes (0.7%; n¼ 2), as shown in Tables 2 to 4.

About 80.1% (n¼ 226) of OAB cases were observed among

patients with low CD4þ counts (0-700 CD4þ counts/mm3) as

compared to their counterparts with higher CD4þ counts

(w2 ¼ 304.89; df ¼ 40; P < .01), and a statistical significant

association between the CD4þ counts and the prevalence of

OAB was evident (j ¼ 0.578; P < .01). Only 2 (11.1%) PLH

with over 1050 CD4þ counts had no SBG/OAB (Table 2). Over

94.0% of PLH aged between 36 and 53 years with CD4þ counts

less than 500 cells/mm3 had OAB, as shown in Table 1 and

Figure 1.

Prevalence Rates of Antibiotic-Resistant
OM-Associated Pathogens

A total of 7 commonly used antibiotics, namely ciprofloxacin

(CIP-5), amikacin (AMI-30), ampicillin (AMP-30), Augmentin

(AUG-30), erythromycin (ERY-15), co-trimoxazole (CXT-25),

and gentamicin (GEN-10), were employed for susceptibility

testing of the isolated bacteria. Of 271 isolated bacteria, 143

(52.8%) were resistant to the tested antibiotics and showed

statistically significant differences of IZ with respect to the

reference strains (P < .05), as shown in Tables 3 and 4.

Half of the isolated bacterial species (n ¼ 5) exerted resis-

tance of varying magnitudes to all 7 tested antibiotics. All

isolates of Proteus mirabilis and S pyogenes were resistant to

erythromycin (Table 3).

Over 70% (n¼ 5) isolates of S pneumoniae and 100% (n¼ 3)

of P mirabilis were resistant to erythromycin. At least 2 isolates

of S aureus were resistant to 2 or more of the antibiotics

(Table 3). The highest antibiotic resistance rates were exerted

against erythromycin by 2 gram-positive bacteria, S pyogenes

(100%) and S pneumoniae (71.4%), as depicted in Table 4. Over

48% of isolated bacteria (n ¼ 132) showed resistance against

ampicillin, and only 30 (11.1%) of the bacterial isolates were

resistant to amikacin. More than 66% of the isolated P mirabilis

were resistant to both ampicillin and amoxicillin/clavulanic acid

(Table 3). Slightly less than half (48%; n ¼ 63) of S aureus

isolates were resistant to all tested antibiotics (Table 4).

Statistical Analysis of Associations among Other
Investigated Variables

Pearson analysis (2 tailed) showed a significant correlation of

patients’ ages with their body weight (Pearson R ¼ .302;

P ¼ .001) and between CD4þ counts and body weights

(R ¼ .145; P ¼ .01). A positive correlation (R ¼ .062; P ¼
.031; 1 tailed) was also evident between CD4þ T-cell counts

and duration of ART (Figure 2), patients’ body weight and

CD4þ T-cell counts (R ¼ .137; P ¼ .001), and patients’ ages

and body weights (R ¼ .0303; P ¼ .001).

Patients in the age groups of 18 to 35, 36 to 54, and 55 to 71

(ages ranging from 18 to 71) were over 20 times more likely to

Table 1. Demographics of the study population in relation to
prevalence of OAB.

Variables

Otitis Media (%)

P ValueNone Present

Sex
Females 14 (4.8) 223 (76.9) .103
Males 5 (1.6) 48 (16.7)

CD4þ T-cell countsa

0-350 6 (2.1) 93 (33.0) .001
351-700 8 (2.8) 122 (43.0)
701-1050 2 (0.7) 34 (12.0)
1051-1450 1 (0.35) 14 (5.0)
1451-1800 1 (0.35) 2 (0.7)

Age group
0.2-17 1 (0.3) 9 (3.1) .001
18-35 5 (1.7) 66 (22.7)
36-53 9 (3.1) 149 (51.3)
54-71 3 (1.0) 46 (15.9)
72-89 1 (0.3) 1 (0.3)

Body weight
8-45 2 (0.7) 27 (9.6) .527
46-65 9 (3.1) 154 (53.4)
66-85 7 (2.4) 67 (23.1)
86-105 1 (0.3) 20 (7.0)
106-125 0 (0) 2 (0.7)
>125 0 (0) 1 (0.3)

aEight children’s status expressed in terms of viral load is excluded.
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Table 4. Overall antibiotic susceptibility profiles of isolated OAB.

Identified Bacteria NBG

Antibiotic Susceptibility (%)

Resistance Rates (%) Total (%)Sensitive Intermediate Resistant

NBG (none) 19 (6.5) 0 (0.0) 0 (0.0) 0 (0.0) - 19 (6.5)
P aeruginosa - 6 (2.1) 1 (0.34) 8 (2.8) 53.3 15 (5.2)
E coli - 15 (5.2) 2 (0.7) 20 (6.9) 54.1 37 (12.8)
K oxytoca - 6 (2.1) 0 (0.0) 10 (3.4) 62.5 16 (5.5)
K pneumoniae - 16 (5.5) 2 (0.7) 19 (6.6) 51.4 37 (12.7)
S aureus - 59 (20.3) 9 (3.1) 63 (22.1) 48.1 131 (45.3)
M catarrhalis - 2 (0.7) 2 (0.7) 5 (1.7) 55.6 9 (3.1)
P mirabilis - 0 (0.00) 1 (0.34) 2 (0.7) 67.0 3 (1.0)
S epidermidis - 4 (1.4) 1 (0.34) 9 (3.1) 64.3 14 (4.8)
S pneumoniae - 2 (0.7) 0 (0.0) 5 (1.7) 71.4 7 (2.4)
S pyogenes - (0.0) 0 (0.0) 2 (0.7) 100.0 2 (0.7)
Total 19 (6.5) 110 (38.0) 18 (6.2) 143 (49.3)a 52.8a 290 (100.0)

Abbreviation: NBG, no bacterial growth.
aOf 271 isolated bacteria, 143 exhibited resistance to the antibiotics, which is equivalent to 52.8%.

Table 2. Otitis media-associated bacterial flora isolated from PLH in relation to patients’ CD4þ T cell counts.

Identified Microbes

CD4þ T-Cell Counts

Total0-350 351-700 701-1050 1051-1450 Over 1450

NBG (none) 6 (2.0) 8 (3.0) 2 (0.7) 1 (0.3) 1 (0.3) 18 (6.4)a

Pseudomonas aeruginosa 5 (2.2) 8 (3.0) 1 (0.3) 1 (0.3) 0 (0.0) 15 (5.3)
Escherichia coli 10 (4.0) 16 (6.0) 8 (3.0) 2 (0.7) 0 (0.0) 36 (12.8)
Klebsiella oxytoca 8 (2.8) 4 (1.4) 0 (0.0) 2 (0.7) 0 (0.0) 14 (5.0)
Klebsiella pneumoniae 16 (5.7) 12 (4.3) 3 (1.1) 4 (1.4) 0 (0.0) 35 (12.4)
Staphylococcus aureus 48 (17.0) 63 (22.3) 15 (5.3) 3 (1.1) 0 (0.0) 129 (45.7)a

Moraxella catarrhalis 2 (0.7) 3 (1.1) 4 (1.4) 0 (0.0) 0 (0.0) 9 (3.2)
Proteus mirabilis 0 (0.0) 2 (0.7) 1 (0.3) 0 (0.0) 0 (0.0) 3 (1.1)
Staphylococcus epidermidis 3 (1.1) 7 (2.5) 2 (0.7) 0 (0.0) 2 (0.7) 14 (5.0)
Streptococcus pneumonia 0 (0.0) 5 (2.0) 0 (0.0) 2 (0.7) 0 (0.0) 7 (2.5)
Streptococcus pyogenes 0 (0.0) 0 (0.0) 2 (0.7) 0 (0.0) 0 (0.0) 2 (0.7)
Total 98 (34.7) 128 (45.4) 38 (13.5) 15 (5.3) 3 (1.1) 282 (100.0)a

Abbreviation: NBG, no bacterial growth.
a-cEight children status expressed in terms of viral load is excluded.

Table 3. Resistance profiles of OAB against commonly used antibiotics.a

Isolated Bacteria

Antibiotic Resistance Rates (n [%])

Total (N ¼ 271)CIP-5 AMI-30 AUG-30 AMP-10 ERY-15 CXT -23/75 GEN-10

P aeruginosa (0.0) 3 (20.0) 8 (53.3) 11 (73.3) 6 (40.0) 3 (20.0) 1 (6.7) n ¼ 15
E coli 4 (10.8) 1 (2.7) 6 (16.2) 19 (51.4) 17 (45.9) 19 (51.4) 4 (10.8) n ¼ 37
K oxytoca 1 (6.3) 7 (4.8) 5 (31.3) 7 (43.8) 10 (62.5) 8 (50.0) 3 (18.8) n ¼ 16
K pneumoniae 2 (5.4) 5 (13.5) 18 (48.6) 19 (51.2) 13 (35.1) 6 (16.2) 1 (2.7) n ¼ 37
S aureus 16 (12.2) 4 (3.0) 14 (10.7) 61 (46.5) 49 (37.4) 56 (42.7) 26 (19.8) n ¼ 131
M catarrhalis 3 (33.3) 5 (55.6) 1 (11.1) 5 (55.6) 0 (0.0) 5 (55.6) 0 (0.0) n ¼ 9
P mirabilis 0 (0.0) 0 (0.0) 2 (66.7) 2 (66.7) 3 (100.0) 0 (0.0) 1 (33.3) n ¼ 3
S epidermidis 4 (28.6) 3 (21.4) 4 (28.6) 7 (50.0) 9 (64.3) 5 (55.5) 0 (0.0) n ¼ 14
S pneumoniae 2 (28.6) 0 (0.0) 1 (14.3) 1 (14.3) 5 (71.4) 3 (42.9) 1 (14.3) n ¼ 7
S pyogenes 2 (100.0) 2 (100.0) 2 (100.0) 0 (0.0) 2 (100.0) 2 (100.0) 0 (0.0) n ¼ 2
Resistance rates per drug 34 (12.5) 30 (11.1) 61 (22.5) 132 (48.7) 114 (42.1) 107 (39.5) 37 (13.6)

aTotal number of isolated bacteria is 271; of these, 139 exhibited resistances to the antibiotics.
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have OAB as compared to either older or younger cohorts

(P ¼ .01). Sex of participants did not have a statistical signif-

icant effect on the prevalence of OM, although males were less

likely to have OAB (odds ratio [OR] ¼ 0.696; P > .05). Con-

trolling for patients’ age groups, associations existed between a

number of years a patient was on ART or duration of ART with

respect to both CD4þ counts (F¼ 1233.89; df¼ 167; P¼ .001)

and body weight combined (F¼ 526; df¼ 56; P < .01). Weighted

least squares regression (weighted by CD4þ counts) showed sig-

nificant differences among the patients’ age groups with respect

to the prevalence of OAB (F ¼ 7.054; df ¼ 4; P < .01).

Patients who were attending CTC for more than 10 years

had relatively higher CD4þ T-cell counts with higher mean

body weights (P ¼ .001; w2 ¼ 1153.075) compared to the

counterparts. Figure 2 shows that the longer the exposure time

to ART, the patient had the less chances of contacting OAB

(OR ¼ 0.233; df ¼ 2; P < .01). A statistically significant

(F¼ 10.375; df¼ 177; P¼ < .001) association existed between

the prevalence of OAB and CD4þ T-cell counts, controlling for

the patients’ weights. Nonetheless, a statistically not significant

negative correlation between the prevalence of OAB and CD4þ

T-cell counts was evident (R ¼ �.020; P ¼ .504, 2 sided).

Discussion

HIV infection affects the immune system and causes OIs in

immunocompromised host in a progressive manner. The

worldwide spread of HIV infection that is accompanied with

several OIs and complications compels PLH to seek extra med-

ical services, including otolaryngological care. However, there

is no attestation to show that the immunodeficient state predis-

poses patients to the development of otologic problems such as

acute OM or its complications.8,36,37 Bacteria responsible for

OM are among the most common otologic problems reported in

HIV-infected patients.12,38 About 94% of PLH with asympto-

matic OM were reported in this study as compared to 60% to

80% previously documented in other countries.8,9,39 Although

the middle-ear pathogens frequently isolated, such as S pneu-

moniae, S pyogenes, H influenzae, and M catarrhalis, are sim-

ilar for both the HIV-infected and the non-HIV-infected

patient, Staphylococcus and Pseudomonas are more common

in the former.40 Rare microorganisms, pathogens related fre-

quently with HIV infection, are usually isolated in later stages

of HIV infection.41 However, the management of OM is similar

to that in immunocompetent patients.10,42,43

Improvement in immunologic status using HAART is a pri-

mary goal of diminishing the severity of OIs,33 and possible

complications were associated with OM among PLH. Admin-

istration of prophylactic antibiotics to PLH reduces the fre-

quency of acute and chronic infections such as OM, but

treatment should be done cautiously.18,43 Our findings showed

that patients under the HAART therapy with higher CD4þ

T-lymphocyte counts had relatively lower prevalence of OAB,

which coincides with that of Jafari et al.9 Our study also

showed that patients’ CD4þ counts improved with increased

duration of ART, and an increase in duration of ART led to a

decrease in the prevalence of OAB. Besides, positive correla-

tions between patients’ body weights with both CD4þ counts

and the prevalence of OM were observed, although the rela-

tionship among these variables is unclear.6

Body weights appear to affect immune cell counts over the

course of infection.20,44,45 During the introduction of HAART,

being either underweight or obese was associated with smaller

increases in several important immune cell levels, including the

CD4/CD8 ratio.45 It has been shown that higher levels of leptin

(a hormone controlling appetite and weight) and lower levels

of lipopolysaccharides (LPS) are associated with overweight/

Figure 2. Patients’ immunological status in relation to duration of
ART and OAB.

Figure 1. Patients’ immunological status/ CD4þ T cell counts in
relation to ages and occurrence of OAB.
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obesity and higher amounts of body fat mass percentage.

Higher leptin and lower LPS levels had significant association

with higher HIV viral load, an indicator of HIV disease pro-

gression.46 These controversies on the role of adipose (fat

mass) in PLH have not only implications for HIV/AIDS man-

agement but also for public health perspective.45 Some

researchers suggest that the relation between higher fat mass/

body weight and higher CD4þ counts “should be explored

further in translational studies to understand the mechanisms

and potential therapeutic implications.”43 The prevalence of

OAB in PLH might be multifactorial as both environmental

and genetic factors as well as functional and/or anatomical

characteristics of the eustachian tube seem to play a major

role.10,14 Other studies have ascribed the regulatory role played

by CD4þ T cells and interleukins 2 and 4 to the OM pathogen-

esis, which is the conversion of acute to chronic stages of OM,

especially in cases of suppurative OM.6,47 Regardless of the

local mucosa immunity that plays an important role in the

microecology of the nasopharynx normal flora, PLH may also

have severe local immune disorders.17

Published data on OM are scarce in developing countries;

hence, optimal management of OM is widely debated.4,7,48 The

selection of antibiotic therapy is usually empiric because of the

difficulty of obtaining cultures.23 Although researchers are in

agreement that S pneumoniae and nontypeable H influenzae are

the most common bacterial pathogens probably because of

their coexistence in biofilm,10,17 the prevalence of resistance

is not yet well-documented.48 Our study showed that S aureus

and E coli are presumably the emerging OM-associated patho-

gens in PLH and have acquired antibiotic resistance of signif-

icant magnitude. Dissimilar to a report published 2 decades

ago,11 this study revealed relatively low prevalence of M cat-

arrhalis and S pneumoniae, which can be due to changes in

human normal flora composition as a result of HIV/AIDS pan-

demic and widespread use of antimicrobial agents.10,12 Conco-

mitant use of ARV medication with antibiotics in the

management of HIV/AIDS and OIs seems to have had contrib-

uted to the high prevalence of OM among PLH, presumably as

result of drugs’ adverse effects. Such effects might not be

directly associated with OM-causing pathogens. Both persis-

tent use of antimicrobial agents and exposure of microorgan-

isms to the agents could have significantly ascribed to the

observed high antibiotic resistance rates.49

The present study shows high rates of antibiotic resistance,

ranging from 48% to 100%. Potentially pathogenic bacteria,

such as E coli, S aureus, and P aeruginosa, exhibited high

antibiotic resistance rate, which are also opportunistic patho-

gens, attributed to health-care facility–associated infections.50

Several antibiotics of choice for most bacterial infections such

as ciprofloxacin, amoxicillin/clavulanic acid, ampicillin, and

co-trimoxazole proved to be obsolete to many OM-associated

bacteria. Streptococcus pyogenes was resistant to majority

(70%) of the tested antibiotics, while 51% of E coli isolates

were resistant to co-trimoxazole, which is an important anti-

biotic for prophylaxis of OIs common among PLH. In Tanza-

nia, co-trimoxazole has been broadly used for treatment of

diarrheal-related diseases,42 though high resistance to the anti-

biotic had already been reported.49 As oppose to a study con-

ducted in India,31 our study showed that isolates of S aureus

were relatively more susceptible to erythromycin and

co-trimoxazole. Streptococcus pneumoniae is an opportunistic

pathogen that was resistant to erythromycin, thus coinciding

with previous studies from Argentina24 and Thailand.51 Ery-

thromycin is one of the antibiotics of choice for upper respira-

tory infections, pneumonia, and OM in PLH and children42;

such resistance may impede management of the infections

leading to severe invasive diseases including bacteraemia

and meningitis.52

Generally, antibiotics are indicated for the treatment of

patients with OM and in selected patients with OM with effu-

sion.7 Other studies elsewhere have reported that most otologic

problems are caused by routine organisms that respond to stan-

dard therapy or may be as a result of direct consequence of

virus or secondary to the pharmacological treatment.39 Hence,

some practitioners advocate the restriction of using antimicro-

bial agents for the treatment of acute OM in certain age groups,

especially children under 2 years of age, as there are no shreds

of evidence on the effectiveness of antimicrobial therapy in the

management of OM in such patients.32 For proper treatment of

OM, the selection of antibiotics should be based on specific

disease-causing pathogens. Only 38% of the OM-associated

bacteria were sensitive to the locally available antibiotics. In

Tanzania, like in other resource-constraint countries, prescri-

bers hardly have wide choice for antibiotics for their patients;

the reported resistance rate (62%) might be suicidal to patients.

Conclusion

High prevalence of OAB and high rate of antibiotic resistance

among the OM-associated bacterial flora of asymptomatic PLH

were observed. Staphylococcus aureus, K pneumonia, and

E coli were the most frequently OM-associated bacteria. Both

S pneumoniae and S pyogenes exhibited the highest rates of

antibiotic resistance. Majority of the bacterial isolates were

resistant to multiple antibiotics. Inverse relationships between

CD4þ counts and prevalence of OM and between duration of

ART and OM were eminent. The high prevalence of OAB

observed in PLH calls for further investigations, because sev-

eral bacteria that inhabit the ear canal can be converted into

secondary colonizers and travel from the pharynx through the

eustachian tube to tympanum cavity. Future studies should also

compare the prevalence rates of bacterial flora of asympto-

matic PLH to that of immunocompetent individuals. Irrational

use of antibiotics may augment morbidity and mortality among

the PLH through the development and spread of multiple

antibiotic-resistant bacteria.
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