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Abstract

Objective

The evolution of antibiotic resistance is far outpacing the development of new antibiotics,

causing global public health concern about infections that will increasingly be unresponsive

to antimicrobials. This risk of emerging antibiotic resistance may be meaningfully altered in

highly AIDS-immunocompromised populations. Such populations fundamentally alter the

bacterial evolutionary landscape in two ways, which we seek to model and analyze. First,

widespread, population-level immunoincompetence creates a novel host environment with

disrupted selective pressures. Second, within AIDS-prevalent populations, the recommen-

dation that antibiotics be taken to treat and prevent opportunistic infection raises the risk of

selection for drug-resistant pathogens.

Design

To determine the impact of HIV/AIDS on the emergence of antibiotic resistance–specifically

in the developing world where high prevalence and economic challenges complicate dis-

ease management.

Methods

We present an SEIR epidemiological model of bacterial infection, and parametrize it to cap-

ture HIV/AIDS-attributable emergence of resistance under conditions of both high and low

HIV/AIDS prevalence.

Results

We demonstrate that HIV/AIDS-immunocompromised hosts can be responsible for a dis-

proportionately greater contribution to emergence of resistance than would be expected

based on population-wide HIV/AIDS prevalence alone.
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Conclusions

As such, the AIDS-immunocompromised have the potential become wellsprings of novel,

resistant, opportunistic pathogen strains that can propagate into the broader global commu-

nity. We discuss how public health policies for HIV/AIDS management can shape the evolu-

tionary environment for opportunistic bacterial infections.

Introduction

The rapid emergence of antibiotic resistant microbes represents a worldwide health risk since

development of antibiotics is being outpaced by the evolution of resistance. [1] Factors con-

tributing to resistance include prescribing habits of health professionals, antibiotic policy-

making decisions, drug availability, and sociocultural beliefs regarding the necessity of antibi-

otics. [2] Regardless of the drivers of emergence, the result is the same: antibiotic-resistant

infections. We have seen the dangers of drug resistance exemplified in bacterial pathogens

such as Escherichia coli, Streptococcus pneumoniae, Mycobacterium tuberculosis, Clostridium
difficile, and Staphylococcus aureus, each of which includes strains unresponsive to at least one

antimicrobial agent. [2, 3]

We expect the risk of emergence to be magnified in regions where selection for drug-resis-

tant pathogens is particularly high. Thus, we consider the potential for Human Immunodefi-

ciency Virus- (HIV-) and Autoimmune Deficiency Syndrome- (AIDS-)prevalent populations

to serve as hotbeds of emerging resistance. One of the most important tools in opportunistic

infection management among the AIDS-immunocompromised is a constant regimen of anti-

biotics. [4] However, the use of antibiotics–even appropriately–exerts a strong selective pres-

sure upon drug-sensitive pathogens. [5] Therefore, in highly HIV/AIDS-prevalent populations

(>25% prevalence), [6] resistance develops and proliferates quickly [7] as constant use of anti-

biotics advances the emergence and maintenance of drug-resistant microbes. [8] This effect is

compounded under conditions of limited drug availability and/or non-adherence to antibiotic

protocols. [5] Under these circumstances partially resistant strains benefit from increased

probability of survival, which also increases their chance of evolving greater resistance. Fur-

ther, while antibiotics usually act in concert with the host’s immune system to combat infec-

tion, [9] AIDS-immunocompromised hosts lack the additional selective pressure imposed by

immunocompetence against all pathogen replication. Even usually antibiotic-sensitive strains

may therefore be able to survive ‘normal’ antibiotic doses longer in these patients. This effect

can bolster their potential to survive long enough to increase resistance by mutation or hori-

zontal gene transfer. [10, 11]

For these reasons, populations with a high prevalence of active AIDS cases represent novel

environments with unique selective pressures leading to potentially drastically different proba-

bilities of emergence of antibiotic resistance, relative to those expected in an immunocompe-

tent population. This is particularly concerning in resource-poor regions where access to full

courses of antibiotics may be limited by drug availability and economic constraints. [12] (We

note that antibiotic adherence can also be undermined–and selection for resistance increased–

by excessive availability of antimicrobials that can often be purchased without a prescription.

[13]) If AIDS-prevalent regions are serving as wellsprings of drug resistance, emergence of

resistance is not limited to just those areas. The movement of hosts who are either actively

infective or harboring resistant, but currently benign, microbial strains can create a global

health threat. [14] As the debate continues over how to allocate antibiotics so as to minimize
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the emergence and propagation of resistance, [11] policy decisions must account for resistant

microbial strains spreading from one region to another via host migration. [15]

To demonstrate the potential impact of AIDS prevalence on the likelihood of emergence of

antibiotic resistance in the developing world, we present an SEIR (susceptible, exposed, infec-

tive, recovered) compartmental model.[16] We parameterize this model to reflect conditions

in two resource-limited communities, one with 27.4% HIV/AIDS prevalence (Swaziland), [6]

and one with 0.46% HIV/AIDS prevalence (Indonesia). [17] In addition to the potential for

non-adherence that is created by resource limitations, we have chosen to focus on the develop-

ing world for two reasons. First, despite the growing availability of antiretrovirals, developing

nations remain at risk for an increase in the prevalence of HIV/AIDS (and, therefore, AIDS-

defining illnesses). [18] Second, the growing incidence of nosocomial infections indicates that

resistance will arise rapidly within hospital settings in these regions. [5] The combination of

these factors suggests that AIDS-prevalent host populations in the developing world may ulti-

mately be responsible for a disproportionate number of resistant infections, which presents a

significant worldwide health risk to both immunocompetent and AIDS-immunocompromised

individuals.

Methods

Fully and functionally immunocompetent hosts can still contribute to antibiotic resistance.

Thus, we use our model to quantify the relative contribution to the emergence of resistance

from both fully immunocompetent and HIV/AIDS patients (HIV/AIDS+) receiving highly

active antiretroviral treatment (HAART+). We also compare the actual contribution to emer-

gence attributable to AIDS-immunocompromised hosts to that which would be expected

based on AIDS prevalence alone. We do so by computationally reducing HIV/AIDS preva-

lence to zero in both countries and then measuring the magnitude of the corresponding

decreases in infection prevalence and total emergence. Finally, holding antibiotic adherence

constant among infectives, we calculate total emergence as a function of gradually increasing

HIV/AIDS prevalence.

Mathematical model

Our model examines the relative rate of emergence of antibiotic resistance in populations

whose collective immunosuppression and prescribed antibiotic use patterns disrupt the selec-

tive pressures typically exerted on bacterial pathogens by host immune function and medically

recommended antibiotic-taking behavior.

The vast difference in HIV/AIDS prevalence that exists between Indonesia (0.46%) and

Swaziland (27.4%) [6, 17] suggests that there is a significant difference in the proportion of

each population that is actively recommended to be taking antibiotics at any time.

We defined our population according to four descriptors: immune (HIV/AIDS) status,

HAART adherence, bacterial infection status, and antibiotic adherence, by which all individu-

als were classified. We denote immune and HAART status by superscript, and bacterial infection

status and adherence to antibiotics by subscript. (All possible super/sub-script combinations

appear in S1 Appendix, which includes details of the mathematical model.) Using tuberculosis

(TB) as an example of a pathogen affecting both immunocompromised and immunocompe-

tent individuals, the model follows the progression of bacterial infection throughout an HIV/

AIDS-stratified population, including the impact of antibiotic treatment with different levels

of adherence (Fig 1). We describe this scenario using a system of ordinary differential equa-

tions that appear in S1 Appendix, along with a detailed list of parameters, their condition

dependencies, values used, and the reference from which they were estimated.
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Considerable variability in antibiotic adherence–and in the prevalence of TB and HIV/

AIDS–exists worldwide. The model was therefore run under all combinations of tuberculosis

prevalence, host immune status, and antibiotic adherence under parameters representing the

HIV/AIDS prevalence in both countries.

In both Indonesia and Swaziland, and under conditions of both high and low TB prevalence

(as informed by the World Health Organization’s Global Tuberculosis Report, 2012 [19]), we

calculated the projected total number of bacterial infections contracted over 180 days. We then

used that calculation to quantify the relative emergence of antibiotic resistance attributable to

AIDS-immunocompromised hosts versus those who are HAART-adherent or fully immuno-

competent. (Note that we despite the diversity of responses to HAART therapy possible across

patients, our models assume a constant efficacy for HAART adherent patients that yields

full immunocompetence. However, since our outcomes are reported as relative rates and

Fig 1. SEIR transmission dynamics. 1a. Basic SEIR model (assuming a closed system), wherein health status changes

from susceptible to exposed at a rate of β, from exposed to infectious at a rate of z, and infectious to recovered at a rate

of γ. The super- and subscripts “i” and “a” are used generically to demonstrate that there are many possible host health

outcomes, depending on the combination of immune status and antibiotic-taking behavior. 1b. Transmission

dynamics specific to our model; we note all possible progressions for an HIV/AIDS- host that contracts a bacterial

pathogen.

https://doi.org/10.1371/journal.pone.0212969.g001
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contributions, the results are robust to the selection of any constant average efficacy for fully

adherent HAART treated patients.) This analysis required that we establish a relative probabil-

ity of emergence corresponding to each immune status/antibiotic adherence category. We

accomplished this by multiplying the number of bacterial infections predicted by our model

for each subpopulation by: (1) the per-cell per-bacterial generation mutation rate, (2) the

expected total number of infected cells per host, (3) the expected number of bacterial genera-

tions per infection duration, and (4) the relative success of the mutant strain (see S1 Appen-

dix). [20–23]

To quantify the impact of AIDS-immunocompromised hosts on overall TB prevalence, as

well as total emergence, we conducted a trial in which HIV/AIDS prevalence was computa-

tionally reduced to zero for each population. We thus calculated the total emergence and total

bacterial infections contracted in a fully immunocompetent population without changing the

overall host population size or prevalence of infectives. Comparing these two parameters

between HIV/AIDS-absent and HIV/AIDS-prevalent populations provided the expected

AIDS-attributable increase in emergence. We used this increase to test the neutral assumption

that the percentage of emergence associated with each type of infective host should be equiva-

lent to the prevalence of that host category within the total population. For example, in Swazi-

land, 27.4% of the population is HIV/AIDS+. [6] Within that proportion, we assumed, as an

initial condition, that 7% is actively AIDS-immunocompromised. [24] We compared the

model projections for the emergence of resistance against the assumption that emergence

attributable to actively AIDS-immunocompromised hosts should mirror the prevalence of

AIDS-immunocompromised hosts within the population, with the remaining emergent infec-

tions originating from those who are fully immunocompetent or HAART-adherent.

Finally, to investigate the full range of AIDS-attributable potential impacts on antibiotic

resistance emergence we conducted a trial in which we varied HIV/AIDS prevalence in 5%

increments ranging from zero to 30.0%. (At 27.4%, Swaziland’s adult HIV/AIDS prevalence is

the currently highest in the world. [6] Based on the nearly 1% increase in prevalence that has

occurred in Swaziland since 2013, [6] we expect that 30% of Swaziland’s population could be

HIV/AIDS+ within the next few years.) We recognize that considerable variability in TB prev-

alence can exist between host populations; however, for purposes of illustration, we chose our

initial prevalence based on the example of Swaziland’s low infection condition. [19]

Results

Relative emergence

The relative contribution to total emergence attributable to fully immunocompetent and

HAART-adherent hosts, versus those immunocompromised by active AIDS, shows that

AIDS-immunocompromised infectives are responsible for 0.09% to 7.52% of emergence,

depending on the combination of population-wide HIV/AIDS prevalence and bacterial infec-

tion prevalence (detailed in Table 1 and visualized in Fig 2A and 2B).

Having separated the infective populations in Indonesia and Swaziland by immune status,

we calculated the factor contribution to emergence by dividing the number of emergent infec-

tions associated with each class by the mean percentage of individuals appearing in that class

over a 180-day period. While the effect is most pronounced in Indonesia, we note that in both

countries, under high and low TB conditions, actively AIDS-immunocompromised infectives

are responsible for a disproportionately greater number of emergent infections than would be

expected based on their prevalence within the population. Despite the conservative assumption

of 20% antibiotic adherence, [25] at best, AIDS-immunocompromised infectives are associated

with a 1.82-fold increase in emergence.

Emergence of antibiotic resistance in immunocompromised host populations
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While these percentages might initially suggest that fully immunocompetent and HAART-

adherent hosts pose the greatest health risk with respect to their relative responsibility for

emergence, it is important to keep in mind that such hosts represent a much greater portion of

the population. In Indonesia, actively AIDS-immunocompromised infectives comprise less

than 0.03% of the entire adult population, In contrast, the AIDS-immunocompromised infec-

tives account for less than 4% of all adult Swazilanders. [24] Consequently, a significantly

larger proportion of the susceptible population in each country was fully or functionally

immunocompetent at the outset of the model.

In analyzing the relative contribution to emergence attributable to each immune status, our

results demonstrate that, at the very least, AIDS-immunocompromised infectives are individu-

ally responsible for nearly twice as many antibiotic-resistant infections as their comparators

(Table 1). This result, which occurs despite our conservative assumption of 20% antibiotic

adherence, [25] is troubling in light of the large body of research suggesting that full adherence

to dosing instructions is rare in the developing world. [5]

Moreover, the neutral assumption would be that the proportion of drug-resistant TB attrib-

utable to AIDS-immunocompromised hosts should be roughly equivalent to the proportion of

AIDS-immunocompromised infectives in the population as a whole. Therefore assuming a

neutral impact, in Indonesia, we would expect approximately 0.03% of resistant infections to

be AIDS-attributable; and, in Swaziland, we would expect approximately 4% of resistant infec-

tions to arise in AIDS-immunocompromised hosts. However, this is not the case in either

country. As illustrated side-by side (Fig 2A and 2B), with respect to population-wide immune

status and mean contribution to total emergence, AIDS-attributable emergence is considerably

greater than would be expected based on neutral impact from population AIDS-prevalence

alone. In Indonesia, AIDS-immunocompromised hosts are responsible for an average of

0.09% to 0.14% of emergence, depending on bacterial infection prevalence. In Swaziland,

AIDS-attributable emergence accounts for an average of 7.32% to 7.52% of total emergence,

despite the AIDS-immunocompromised being a smaller portion of the total infective

population.

Table 1. AIDS-attributable factor increases in antibiotic-resistant infection.

Population TB Prevalence Immune Status Mean Infective Immune Percentage Percent Contribution to Emergence Factor Contribution to Emergence

IN Low −− 99.57% 98.9% 0.99

+− 0.03% 0.14% 5.35

++ 0.40% 0.99% 2.49

High −− 99.57% 99.2% 0.99

+− 0.03% 0.09% 3.92

++ 0.40% 0.75% 1.86

SZ Low −− 70.28% 67.57% 0.96

+− 3.89% 7.33% 1.82

++ 25.81% 25.10% 0.97

High −− 70.28% 69.24% 0.99

+− 3.89% 7.52% 1.93

++ 25.81% 23.24% 0.90

Table showing the AIDS-attributable increase in antibiotic-resistant infection in each of the four scenarios (Indonesia or Swaziland, denoted IN or SZ respectively) with

low or high tuberculosis (TB) prevalence. The increase due to the population is attributed according to immune and highly-active antiretroviral status: AIDS-negative

(−−), AIDS-positive HAART-untreated (+-), and AIDS-positive HAART-treated. These data are compiled according to a deterministic mathematical model, and as

such there is no standard error to report.

https://doi.org/10.1371/journal.pone.0212969.t001
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Knock-out trials

The impact of HIV/AIDS on the emergence of antimicrobial resistance is even clearer when

we calculate projected emergence after having reduced HIV/AIDS prevalence to zero. Having

used TB data to inform bacterial infection prevalence, and recognizing that HIV-incident TB

is common (especially in Swaziland, where an estimated 77% of those with TB are also HIV+

[19]), we expected that computationally reducing HIV/AIDS prevalence to zero would greatly

decrease the expected number of new bacterial infections. We find a difference between in

total expected infection incidence, as well as the shifts in health-status based infections, when

HIV/AIDS+ hosts are absent (Fig 2C and 2D). In both countries, the presence of HIV/AIDS

+ hosts results in a disproportionate increase in TB incidence, relative to the percentages of

such hosts present in the population. [25] This effect is particularly pronounced in Indonesia

where, despite the low initial prevalence of both TB and HIV/AIDS, the continuous availability

of susceptibles permits for TB persistence. [17, 19]

Fig 2. Immune status-based contributions to emergence, and infectivity with and without HIV/AIDS. In both Indonesia (2a) and Swaziland (2b), and under

conditions of both high (H) and low (L) TB prevalence, AIDS-immunocompromised hosts are individually responsible for considerably more emergence that would be

expected given their prevalence in each country. (We have made the simplifying assumption that HIV/AIDS+, HAART+ hosts are functionally immunocompetent

except with respect to loss of immune memory.) Under conditions of high (H) and low (L) TB prevalence, we compare health status-based TB incidence in Indonesia

(2c) and Swaziland (2d), visualizing conditions of both actual and zero HIV/AIDS prevalence. In both countries, AIDS increases total incidence. In Swaziland, when TB

prevalence is low, we observe an increase in incidence of 9.6%, relative to the AIDS-absent condition; when TB prevalence is high, the relative increase in incidence is

9.9%. In Indonesia, the changes in TB incidence are much more pronounced, with an observed 167.9% increase when TB prevalence is low and a 167.12% increase when

TB prevalence is high. Immunocompetent. (We assume 20% adherence to antibiotics, except where specifically noted. [25]).

https://doi.org/10.1371/journal.pone.0212969.g002
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Sensitivity analysis

We performed a sensitivity analysis to determine which parameters had the greatest impact on

the disease burden among each of the three populations I––, I+–, and I+ +. In each of the eight

possible combinations of Swaziland vs Indonesia, high TB prevalence vs low, and with or with-

out AIDS, we compiled 100 000 samples using Latin hypercube sampling. From these samples,

we tested most parameters of the system against the disease burden outcomes to determine

which of those parameters were most influential. Note that some of these parameters are basic

parameters, from which other parameters are derived. (For example, the number of individu-

als with AIDS is the total population size, times the HIV-prevalence, times 1–hh. For clarity,

we here present only the broad summary of our findings, meaning parameters for which there

is a significant positive or negative correlation with disease burden (see S2 Appendix for the

full sensitivity analysis, including a table of all parameters and variables). These are listed in

Table 2.

Most of these correlations coincide with a priori expectations based on the role of each

parameter in the model. The two parameters of which we take particular note are g� �
þ�

and θ /−.

The sensitivity to θ /−(but not θ –/) indicates that intervention strategies with partially-

adherent individuals may not be effective (and that marginal increases in the rate they drop off

into untreated also has no effect), but that strategies targeting untreated individuals may be.

The particular impact of g� �
þþ

seems to be an artifact of the differential equations model,

which assumes that if such individuals are treated with a directly-observed treatment, short

course (DOTS) for TB successfully and recover more quickly, they contribute to a greater dis-

ease burden–presumably because in the HIV-negative group (the majority of the population)

recovers quickly and may become ill again, with no preference to be treated again, potentially

ending up in a longer-lasting untreated or partially-adherent state.

Table 2. Sensitivity analysis summary.

Swaziland Indonesia
Low TB High TB Low TB High TB

No AIDS No AIDS No Aids No AIDS

I−− I + – I + + I−− I−− I + – I + + I−− I−− I + – I + + I−− I−− I + – I + + I−−

c1 X

ha X O O X O O O O

hh X O X O X X X

htb O O O O O O O

itb O O X

ρ−− O

ρ++ O O O O

g� �
þþ

O O O O O O O O O O O O

g� �
þ�

X X X X X X X X X X X

θ –/ O

θ / – X X X X X X X

β0 O O O O O O O O O O O O

Table summarizing parameters to which disease burden is sensitive. Capital O denotes positive correlation (higher disease burden), while capital X denotes negative

correlation. We have noted correlations above 0.1 (in absolute value), except in cases in Indonesia with high TB, where the threshold we use is 0.01. (This is because in a

high TB scenario with a very large population, the spread of TB is almost entirely unrestricted–subject to far less influence of the dynamics of the immunocompromised

sub-population, resulting in much smaller correlations and the need for a lesser threshold.)

https://doi.org/10.1371/journal.pone.0212969.t002
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Variation in HIV/AIDS prevalence

When we explored the full range of potential impacts of HIV/AIDS prevalence on emergence

of antibiotic resistance, we found that as prevalence increases, we also see a near-linear in-

crease in expected population-wide emergence (Fig 3A). This result, which occurs even

if infectives are assumed to adhere to dosing instructions an idealized 95% of the time, demon-

strates the importance of the relationship between HIV/AIDS and antibiotic emergence. Even

with near-perfect adherence–which is particularly rare within the developing world [26]–

emergence of antibiotic resistance increases in response to increased HIV/AIDS prevalence.

The relative impact of HIV/AIDS on emergence, versus that of adherence to dosing protocols,

is significant (Fig 3B), demonstrating that emergence remains nearly unchanged as antibiotic

adherence increases. See S1–S3 Figs for analogous graphs for other model scenarios (Indonesia

and/or high TB rates).

Discussion

Highly AIDS-prevalent populations represent a novel pathogen environment due to the com-

bination of widespread immunoincompetence and antibiotic use. In such populations, antibi-

otics are used more frequently, and for longer periods of time, to treat and guard against

opportunistic infections affecting the AIDS-immunocompromised. [28] This treatment sce-

nario raises the risk of a global public health threat as these populations, following standard

antibiotic protocols, may become wellsprings of novel resistant pathogen strains that can prop-

agate into the broader global community. (Note that, while this work is focused specifically

upon TB as a particular bacterial pathogen, many bacterial pathogens of accrue antibiotic resis-

tance, and viral and parasitic infections can also be treatment-resistant, presenting additional

health concerns to already at-risk populations [29]).

In consideration of these circumstances, as well as the high degree of antibiotic misuse that

is characteristic of the developing world, [12] we expected that increased HIV/AIDS preva-

lence would rapidly accelerate the emergence of antibiotic resistance among circulating bacte-

rial infections. This expectation proved true in both Swaziland and Indonesia where the AIDS-

Fig 3. Emergence as a functions of increasing HIV/AIDS prevalence and adherence. 3a. In Using Swaziland’s low

TB condition as an example, and assuming 95% antibiotic adherence [25], we found that, as HIV/AIDS prevalence

increases from zero to 30%, we observe a corresponding increase in expected population-wide emergence of antibiotic

resistance. Our conservative estimate of 20% antibiotic adherence represents a best-case scenario in terms of expected

emergence; however, the likelihood of emergence becomes greater as adherence decreases. [26] 3b. Within the

developing world, economic, medical and social barriers can limit antibiotic adherence. [26] To measure the impact of

antibiotic adherence on emerging resistance within HIV/AIDS prevalent environments, we varied the probability of

complete adherence (represented as C1 in the model) from 0–100%, while maintaining the original adherence ratios

reported in the literature [25, 27] (see S1 Appendix). We use Swaziland’s low TB condition for purposes of illustration,

however, we note that the results for Swaziland’s high TB, as well as both the low and high TB conditions in Indonesia,

mirror the results presented: antibiotic adherence has very little impact on the emergence of resistance in HIV/AIDS-

immunocompromised host populations, relative to the impact of HIV/AIDS prevalence.

https://doi.org/10.1371/journal.pone.0212969.g003
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immunocompromised were found to be individually responsible for a 1.82 to 5.35-fold

increase in emergent resistant infections than would be expected based on HIV/AIDS preva-

lence alone.

Despite the considerable difference in HIV/AIDS prevalence that exists between Indonesia

and Swaziland, the effect of HIV/AIDS on emergence in Indonesia was still concerning–espe-

cially in light of our assumption that only 7% of those with HIV/AIDS are actively immuno-

compromised due to lack of HAART treatment. [24] Despite this small percentage of AIDS-

immunocompromised hosts, we observe at best a nearly two-fold increase over our AIDS

prevalence-based expectation of emergence.

Swaziland’s HIV/AIDS prevalence is currently the highest in the world, [6] yet, HIV/AIDS

+ Swazilanders still comprise a minority of the population, especially assuming that only 7% of

the HIV/AIDS+ population is actively immunocompromised. [24] Despite its size, that por-

tion of the population is responsible for a disproportionate number of emerging drug-resistant

infections. This result is particularly troubling when we consider the transmission of resistant

strains. For purposes of simplicity, we have modeled emergence as a percentage of total infec-

tions only, i.e., without including parameters for intra-host strain competition or secondary

resistant infections arising out of host-to-host or horizontal transmission. We therefore recog-

nize that our results represent a conservative estimate of emergence. Accordingly, future work

will address the propagation of resistance that occurs when susceptibles are exposed to resis-

tant infections.

The increased likelihood of resistance emergence that occurs within AIDS-prevalent host

populations represents a previously unrecognized global health risk that can be entirely

ascribed to the novel environment created by the presence of widespread, population-level

immunosuppression. We must begin to consider cross-disease implications for long-term

treatments, since emergence of resistance is not solely limited to target bacteria, but also occurs

within the greater host microbiome due to both selective pressure and horizontal gene transfer.

[30] This type of emergence can result in the replacement of antibiotic-sensitive strains with

resistant ones. [31] As exemplified by both viral and bacterial pathogens, the eventual result

of these processes is compromised efficacy among previously successful treatment regimens.

[31, 32]

Conclusion

We demonstrated that a significant proportion of antibiotic resistance is attributable to AIDS-

immunocompromised hosts. Therefore, we must also consider the associated impact–and

potential tradeoff between individual and public health–that arises in the context of antibiotic

regulation and policy recommendations for treating infection in the developing world. Even

discounting the health behavioral choices made by AIDS-immunocompromised individuals,

limited and/or excessive access to antibiotics, coupled with the potential for distribution by

medical professionals unfamiliar with optimal administration protocols, [13, 26] ensures the

continuing risk of rapid emergence of antibiotic resistance. To foster best medical practices, it

is necessary that antibiotic cycling recommendations balance the ethical considerations associ-

ated with both personal medicine and public health, such that an active, purposeful, consider-

ation of public health is inherent in antibiotic policy decisions. That said, changes to dosing

regulations that may involve the withholding of antibiotics from those unlikely to adhere to

prescribing instructions are not without their own set of ethical considerations. The ethical

questions surrounding the withholding of potentially life-sustaining treatments–especially

among those whose access to antibiotics is already limited by economic constraints–are equally
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complex, and remain the subject of considerable debate. [33] However, considering the dispro-

portionate increase in drug-resistance that accompanies the presence of HIV/AIDS-affected

hosts in an otherwise healthy population, a greater population-level health risk than that

imposed by AIDS may occur in the presence of strong selection for antibiotic-resistant

microbes.
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