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INTRODUCTION

Herd Immunity describesthecollectiveimmunocompetenceof apopulation and itsability to resst
disease. The diseases of Mycobacteria, Salmonella, Hepatitis A, Cryptosporidia, Syphilis, Meadles,
Influenza, and numerous othersrecently have been seen in epidemic proportions in the United States.
An association between thesesuperimposed secondary infectionsand the Human Immunodeficiency Virus
(H1V) Epidemic can be made since the HIV's imposition on individual immunity has ramificationson a
population level through a decline in Herd Immunity. Exploring these epidemic phenomena as
consequential toareduction in Herd Immunity can providea unifying hypothesisto explain existing and
predict future infectious disease epidemic dynamics. The benefits of acting upon these implications has
advantages for both the HIV infected as well as the uninfected.

Thefollowingis an expanded version constituting the original work written on February 7, 1990
which was subsequently published as an abbreviated text to satisfy the format requirements for the
medical literature. The published version is available at most medical librariesin American Health
Foundation's Preventive Medicine, An International Journal Devoted to Practice and Theory, Volume
20, Number 3, May 1991. Thereader will note that many of the concerns voiced and predicted in this
document have subsequently become medical realities and should continue to do so until it becomes
recognized that the hypothesis advanced herein isreal and public health measures initiated in keeping
with its significance.

HERD IMMUNITY AND THE HIV EPIDEMIC
by
William T. O'Connor, M .D.

Coincident with the advent of " The AIDSEra," the medical community has also borne witness
toanincrease in the incidence and prevalence of numerousprevioudy controlled infectiousdiseases. The
relationship between these two simultaneous phenomena bears a larger associative epidemiological
significance than mere coincidence can explain. One would expect to see multiple infectious diseases
increasing only when parallelling the presence of natural disasters, novel population contacts, or unique
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population exposures. Cause/effect relationships in those environments are readily substantiated and
rarely disputed such asin the case of cholera after major flooding or smallpox decimating the Western
American Indian populationssubsequent to theintroduction of Caucasans. However, in thelast decade,
no events of such magnitude have occurred in the United States except for the entrance of the Human
Immunodeficiency Virus (HIV) into the epidemiological equation.

Although attemptshavebeen madetoindividually and in an isolated sense explain someof these
infectious disease epidemic occurrences, an alternative hypothesiscan be advanced that would serve asa
unifying theory capable of explaining the majority of recent epidemic developmentsin a logical and
rational manner. Theexplanation advanced herein, by no meansall-inclusive, restson the HI V-mediated
destruction of a population'sHerd Immunity.

HERD IMMUNITY

Herd Immunity is considered to be the collective immunity of a given population or " herd" that
impartsto that group a protection againgt destruction by epidemics. It isformally defined as a group
immunity that confersaresistance or relative resistance to infectiousdisease because of theimmunity of
a large proportion of the members and the consequent lessening of the likelihood of an infectious
individual coming into contact with a susceptible individual.

Unarguably, people with HIV infections and especially Acquired Immune Deficiency Syndrome
loseimmune competence. Moreoften than not, thisnew virusrender sthem incapable of eradicating from
their bodiesin atimely and efficient manner nearly every infectiousdisease known to causemor bidity and
mortality in humans. Asaresult, they retain, are infectious for, and die from a host of Superimposed
Secondary Infections (SSI's). Consequently, they arealsomore ||ke|y to transmit these communicable
diseases to other persons because they remain infectious for longer periods of time, creating increased
absolute numbers, preferentially supporting the growth of, and serving as reservoirs and vectors of
contagious or ganisms.

Just asahuman body with somedefect in thecellular units that confer protection against disease
suffers by becoming diseased, so, too, when a society's individual units have immune defects, the entire
society can be seen to suffer a morbid consequence. When immune competence fails at this population
or societal level, it can be interpreted as the direct result of a deterioration of Herd Immunity.

TUBERCULOSIS

A direct causal association between HIV and another infectious disease' sincidenceisexemplified
in thewell-documented epidemicof Tuberculosis(TB) observed in thisdecade. Since 1953, when uniform
national reporting became implemented, the incidence of Tuberculosis had been decreasing by
approximately 6% per year®. Even with the heavy influx of infected Southeast Asians as a result of the
Vietnam War (during the late 1970's and early 80's), from 1963 to 1985, the incidence of TB had
decreased steadily by 5.9% annually. Thefirst substantial increase, of 2.6%, was observed in 1986 . In
New York City, reported TB casesincreased by 36% from 1984 to 1986, themcreasebengcausally related
by the U.S. Public Health Serviceto HIV3,

In certain confined subpopulationswith relatively high AIDS rates such as prisons(during 1988,
the estimate aggregate reported incidence of AIDS in the U.S. population was 13.7/100,000 whereas in
stateand federal correctional systems was 75/100,000%), thisis of no minor consideration. Onereview of
AIDS cases among inmatesin selected New York correctional facilities found TB in 6.9% of 319 persons
with AIDS> The incidence of TB in prisons increased 400% in the period 1976- 86°. This experience
cannot be viewed as an isolated phenomenon since prisons are microcosms of any dense human
population. Despitephysical separation, in an infectious disease consideration, they are still " attached”
to the general population and present a problem for the communities into which the prisoners are
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released. They also can reflect conditions otherwise not observed in subpopulations of society where the
prisoners originate and can function as harbingers for the entire population's potential fate without
intervention.

Without question, Tuberculosis isroutinely transmitted by the aerosol route when maintaining
closecontact with theinfectious. Theincreasein HIV related carriage combined with a 6% risein drug-
resistant strains of tuberculosis since the mid-1970's’” makes the situation especially threatening to the
remainder of the population. (Sincethe original writing of this paper, events have revealed that in the
New York prison system, during 1991, twelve inmates wer e infected and killed by a new TB strain that
isresistant to antibiotics. This organism was transmitted from an HIV-infected inmate to a corrections
officer who presumably did not havean HIV infection. It killed the officer aswell.2 Also, investigators
at the Centers for Disease Control in Atlanta revealed on or around March 1991 that a single AIDS
patient had infected up to 31 patientswith a drug resistant form of Tuberculosisat a drug treatment
center in Muskegon County, Michigan over a one month period.®)

Although the national and worldwide TB epidemic has been directly attributed to HIV, it is
important to note that the increased acquisition of TB isnot limited to those with AIDS or HIV-related
conditions. Thereisan almost equivalent percentage of persons newly diagnosed with Tuberculosis but
without HIV infection, suggesting that the HIV infected are transmitting the Tuberculosisto the HIV-
uninfected. Accordingto Centersfor Disease Control statistics, 53% of 58 males ages 25-44 without AIDS
but confirmed to have M. tuberculosis were found to be HIV seropositive'®, leaving 47% to have disease
independent of HIV infections. These TB acquisitions are contributing almost equivalently to the
datistical increasein incidence. Consistent with the axiom that whenever the prevalence of an infectious
organism increases in a subpopulation (regardless of the distinction drawn that defines that
subpopulation) aslong asit isin contact with the larger population, one can expect the incidencein the
general population to rise due to the increased transmissions occasioned by an increased number of
carriers.

Thisincreased incidence may besignificantly reflectedintheelderly'srecent increased acquisition
of the disease. Stead et al** have shown lately that the elderly in group living quarters, such asnursing
homes, are at substantial risk of acquiring new tuberculosis infections, conceivably due to increased
numbers of HIV/TB infected patients being managed in the same chronic care facilities.

This experience with Tuberculosis cannot go unrecognized for its societal impact due to the
profound implicationsand ramificationsit holdsfor the future. Better than any other infectiousdisease,
Tuberculosis can be used as a barometer to indirectly quantify a population's Herd Immunity.
Historically, through times of societal stress (starvation, overcrowding, etc) the Tuberculosis rates have
increased, probably as an inverse function of Herd Immunity being compromised by environmental
factors. Now, the reduction of Herd Immunity due to a reduction in the individual immunity of the
herd's members can be seen as the precipitating factor and the consequenceis a predictable increase in
theincidence and prevalence of infectious disease mortality.

ATYPICAL MYCOBACTERIA

Epidemic increases in Mycobacterial disease are not limited to Mycobacterium Tuberculosis.
Other, non-tuberculous mycobacterium have been recently receiving increased scrutiny due to their
increased significance in relation to the AIDS epidemic. Up to fifty-three percent of AIDS patients on
autopsy have non-tuberculous bacterial infections categorized as Mycobacterium Avium Complex
(MAC)®. In deferencetothebelief that theseinfectionsareonly opportunistic, healthy young peoplewith
no evidence of impaired cellular immunity can and do acquire this disease®® and, contrary to thosewho
would look upon these organisms transmissions as largely environmental, numerous reports suggest
per son-to-person transmissions, intrafamilial spread, and acquisition by health care workers.* One
outbreak in 1987 resulted in Mycobacterium Chelonae infecting 17 persons as a result of contaminated
ENT instruments.’®

Some would argue that patients with HIV disease and concomitant MAC infections pose no
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additional risk to their contacts since the organisms are so widely distributed in the environment;
however, culture analysis has shown that isolates of mycobacteria in sputum of patients with associated
pulmonary disease usually weredifferent from those of the patient'senvironmental strains,*® leading one
to conclude that the organisms responsible for their disease werelesslikely to have been environmental
in origin, leaving per son-to-per son transmissionsa morelikely source of infection. Too, serotype analysis
indicated that certain serotypes of M. intracellulare were associated with the production of disease and
these differed from the serotypes found in the environment, indicating that certain serotypes had higher
pathogenicity and the human body probably served as a selective media. '’

The pessimistic conclusions drawn as logical extrapolations on these lines of evidence could be
ignored if everyonein the population were ideally immuno-competent and could be expected to mount
an effective immunological defensive response upon every inoculation with micro-organisms whose
pathogenicity seemsto beinversely related to the immunocompetence of the host.

When considering the total universe of potential disease causing organisms, immunocompetence
exists more as a spectrum of varying degree rather than a qualitative distinction. Depending upon
variable genetic, environmental and pathogenic influences, a given individual or population can become
more or less susceptible to disease caused by organisms that in other circumstances would not be
pathogenic. It cannot be ignored that large segments of the population have pre-existing pulmonary
diseaseor areimmuno-suppressed for awide variety of reasons exclusive of HIV infections. Especially at
risk are the very young, the ederly, those with chronic pulmonary disease, and anyone else
immunocompromised for any number of reasons, sinceit isthesepopulationswho have been characterized
inthepast as particularly susceptible to those atypical mycobacterium and or ganismswith lower relative
pathogenicities.

Notwithstanding individual genetic or acquired immunity, a rudimentary understanding of
infectious disease epidemiology leads one to conclude that the successful transmission and, therefore,
resultant acquisition of a given diseaseislargely afunction of the exposurefrequency. If a personisnever
exposed to an organism, the likelihood of diseaseis zero. However, if a source for repeated exposures
existsin any given environment or set of contacts, then persons sharing those environments as contacts
(especially those with pre-existing respiratory diseases and the immunosuppressed) are at higher risk of
acquiring that disease due to the increased concentrations of micro-organisms and likelihood that a
successful inoculation will occur.

If agiven individual issurrounded by a" herd" containingnumerousindividualslackingimmune
competence and producing high concentrations of pathogenic organisms the probability of successful
transmissions occurring resulting in disease is
likewise, logically increased.

Thepropensity for theHIV infected to effect thetransmission of diseasefor even thosepulmonary
pathogensgenerally accepted to be exclusively opportunistic has been shown in relation to Pneumocystis
carinii pneumonia. In a Texas cancer center, a nearly dose-related infection acquisition response was
observed in their cancer patients that increased with the number of AIDS admissions and declined
equivalently when the number of AIDS registrations fell.*®

This concept when applied to therelationship between Mycobacterium Avium Complex (MAC)
and AIDScan beargued to explain the increasing prevalence of MAC in the United States'® possibly due
to the consequence of an increasing prevalence of MAC hosts serving as sour ces of infection because of
their HIV disease. Particularly disconcertingisthat non-tuber culousdiseaseisalso being seenin increased
incidencein areasconsidered previoudly to haverelatively low isolation rates (Philadelphia) and in elderly
femaleswithout predisposing conditions.?’ Of not minor significanceistheclinical observation that these
infections are frequentslzv fatal despite multiple drug regimens even in persons without underlying
predisposing conditions™; and, in those with severeimmune deficits, therapy israrely successful?2. Non-
tuber culousmycobacterium remain viable for long periodsin theenvironment?, areassumed tobespread
by theair-borneroute and have been shown to have contaminated the water supplies of hospitalswhere
AIDS patients are in high prevalence® indicating a potential for increasing nosocomial spread. |If
Mycobacterial diseases were the only infectious diseasesto be consider ed, the population consequences of
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a declining Herd Immunity might be limited to a degree commensurate with society's ability to reduce
efficient, prolonged, or frequent exposures to select marginally pathogenic organisms. However,

Mycobacteriaarenot the only infectiousor ganismsthat the HIV infected can beexpected or demonstrated
to preferentially harbor or transmit. They just may serve as a currently quantifiable herald for the
human population's future interaction with all infectious diseases-an interaction that is, again, best
explored from a per spective incor porating the concept of Herd Immunity.

Herd Immunity is more explicitly defined as the immune status of a population as a whole
determined by theratio of resistant to susceptiblemembers and their distribution. Assuming a constant
distribution, each susceptibleindividual added to or contained within the population reducesthe quality
and quantity of Herd Immunity. Mathematically, even so much as the single addition of an individual
with impaired immunity to a population will undeniably, reduce the group'simmunity, the magnitude
of which being a function of the severity of that individual'simmune deficiency which, in turn, also
reflects the efficiency with which that individual transmits disease.

SALMONELLA

The notorious case of Typhoid Mary Mallon offers an excellent historical example of the
consequences of asingle person incapable of eradicating an infectiousagent (Salmonella Typhi) from her
body. Even with a rudimentary knowledge of communicability, this was recognized in the latter 19th
Century, and she was prevented from unintentionally inflicting morbidity by effective public health
isolation measuresthat reduced her random accessto the population. In retrospect, it can beassumed that
she had a relative immune deficiency allowing her to harbor Salmonella typhi organismsthat usually
would have been eradicated by a more competent immune system.

In light of human populations ability to modify access of infectious membersto the remainder
of the population, the preceding definition of Herd Immunity must, under standably, be qualified by a
distribution consideration. Should the components of society lacking immunity be prevented from being
distributed, the Herd Immunity can be maintained even in the face of a high numerical presence. If a
particular individual hasthe opportunity to effect the disease destiny of a wide distribution of others, the
injury inflicted upon the herd can be disproportionately severe. In Ms. Mallon's case, her distribution
was prevented by restricting her accessto the " herd."

Unfortunately, Salmonella epidemics have perssted in the intervening century so equivalent
transmission dynamics still apply and requireexploration. Although often consider ed benign, self-limited
conditions, they till poseathreat to the human population especially sincethey haverecently been linked
to a post-dysenteric reactive arthritis.?® Concern for their increasingincidence parallelingthe AIDS Era
isevidenced by itsrecently being experienced in epidemic proportionsin the U.S.,%6,%”,28 In New England
and theMid-Atlantic Statesthe period 1976-88 saw approximately an 8 to 9 fold increased isolation rate
for Salmonella Enteriditis.?® Theincidence of Typhoid Fever in the United Statesincreased in 1989 to
a cumulative case rate 25% greater than the median levels for 1984-88.%

Several recent Salmonellaoutbreaksin New York City, an area considered endemic for HIV, such
asthat at Mount Vernon Hospital (involving 15 patients, two nurses, and a physician) as well as at Coler
Memorial Hospital in New York Cit%/ (that claimed 175 victims and three lives)! and a Typhoid Fever
outbreak in the San Francisco area® appear to bear a geographical and associative relationship to the
HIV epidemic since AIDS patientsaretwenty timesmorelikely than the general population tobecarriers
and most have persistent infections or recurrences despite appropriate antimicrobial therapy.

Although no causal relationship with HIV has been previously elaborated epidemiologically with
Salmonella, the existing evidence warrants investigation of this phenomenon before the current
associations with the chicken processing facilities, pasteurized milk® or Grade A eggs® are accepted as
solely responsiblein the absence of stool culturing combined with HIV testing of food service workersas
potential sourcesof outbreaks. Thereislittlereason to assumethat thefood serviceindustry haschanged
significantly the commoditiesand processes for decades; and it would be difficult to find afood product
that isnot associated with theubiquitousGradeA eggsor pasteurized milk whose predominateassociation
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may be that they simply offer excellent food product based culture media for Salmonella.

To ignore the ramifications of a reduction in any population'simmunocompetence as it relates
to food-borne illnesses can result in missed opportunitiesto prevent disease and death especially in the
very young (even healthy children can die from Salmonella)®, pregnant, and aged who areat increased
risk of significant morbidity due to Salmonella. (In 1991, a resurgence of Cholerawas seen in epidemic
proportions for the first time in the Western Hemisphere in over 100 years and investigations of
Salmonella epidemicshavefound the contamination to have originated in melons grown in Texas. Both
of these phenomena can be attributed to the increased carriage of these bacteria in the bowels of Latin
American peoples and this fecal contamination subsequently finding its way into orally ingested food or
water.)

HEPATITISA

The consequencesof a reduction in Herd Immunity secondary to HIV related risk sourcesappear
to also have associative significance with respect to HepatitisA. A valid contributing factor for the most
prolonged Hepatitis A outbreak in the history of the Centersfor Disease Control is probably that the
sour ce case(s) had immunosuppression induced by Human Immunodeficiency Virusinfection. Two of the
pantry worker source casesin a study of 103 casesof HepatitisA in aFloridarestaurant®’ weredescribed
as male homosexuals, promiscuous, and practitioners of anal intercourse. One had anal intercour se 3-4
times per month and shortly afterward acquired Hepatitis B. Although all of these activities were
recognized risk factors for infection by the HIV, they were unfortunately not tested for HIV; however,
according to the study's author " could reasonably be assumed to have been infected by HIV." %

This phenomenon with respect to Hepatitis A isnot limited to isolated nor rareeventsand gives
cause to implicate the Human Immunodeficiency Virus Epidemic as contributory. A large outbreak in
Texas at a salad-bar restaurant*® and two other food borne outbreaks in Alaska were traced to
homosexual male source-cases®. In the past 10 years, nearly 50% of source cases associated with food
borne Hepatitis A outbreaksin California have been homosexual men“.,

However, homosexuality is not the only HIV related risk factor linked to an increasein Hepatitis
A in theimmediate past. Intravenousdrug usershavebeen only recently identified as sources of Type A
Hepatitisin New York state and Northern California.*> Previously it had been held that Hepatitis A
outbreaks were not sustained by blood borneroutesdueto the short duration of the viremia. However,
in personswith immunodeficiency, it isreasonableto assumethat the viremiawould beprolonged enough
to sustain such outbreaks and, thus, provide an explanation for this new association.

Prior to the advent of the HIV epidemic, Hepatitis A had only been associated with crowding,
poor personal hygiene, improper sanitation, and (less commonly) contamination of food or water; and
the recognized risk factors of intimate contact with infected persons, day-care and travel to developing
countries. Most recently, an outbreak has been identified among at least 80 students and staff at the
University of Southern Californiain Los Angeles,*® which isnot a characteristic environment to sustain
an epidemic requiring the previoudy cited conditionsif they are considered environmental requisites.

Nationally, there has been a 25% increase in the incidence of reported Hepatitis A infections
through 1989*. Werethiscountry undergoingamajor deterioration in the standard of living, sanitation,
or Public Health Department activity, alternative explanationscould be strongly supported; however, the
increased prevalence of personswith deficient immune systems that allow the HepatitisA infectionsto be
prolonged or inefficiently neutralized by protective antibody seems to be an especially intriguing
explanation sincethe elaboration of these previously unrecognized risk groups have an equally common
association being that they are both likely to be associated with HIV infection. This association is
strengthened by a geographical correlation since California and New York are the states of highest AIDS
incidence. Thus, thefinding of temporal, risk group, and geogr aphical associationsmakestherelationship
between HIV epidemicsand HepatitisA Epidemics certainly worthy of further Public Health Department
scrutiny and probably will be shown in the future to play a major role in Hepatitis A epidemiology
especially as it relates to subsequent transmissions within the food service industry and as an enteric
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athogen.
Panos If these associations ar e confirmed, consideration may be given for routineHIV testing of those
personsin the food service industry implicated in outbreaks of any food borne pathogen. Public health
departments may then includein their preventative function subsequent laboratory monitoring of HIV
infected food service employees so that they could be removed from food serviceemployment until it can
be demonstrated that they no longer posearisk for contagion.

CRYPTOSPORIDIOSIS

Cryptosporidiosis epidemics, too, can be seen as a consequence of the AIDS epidemic's influence
on Herd Immunity. Seemingly, theimmunity of the American " herd" had been sufficient enough in the
past to keep this disease at such a low incidence as to not be observed by the medical community. So
much so, it went unreported asa human pathogen in the United States until 1976.4 Prior totheadvent
of the AIDS epidemic it was not recognized as a disease entity of concern outside of animal populations
in the U.S. Only recently hasthis enteric pathogen been identified asone of the more common causes of
intractable diarrhea in AIDS victims--being seen in as much as 15%“ to 20%*’ of those with chronic
diarrhea, but, retrospectively, can be assumed to have been contributing to the late 1970'sphenomenon
known as " Gay Bowel Syndrome.”

Intheperiod 1976-81, the first seven cases of human cryptosporidiosis were reported and in five
out of the seven casesthe patientswereimmunocompromised.®® Sincethen, it hasbeen linked to daycare
centersin San Francisco® and elsewhere®,>! and has infected nearly 13,000 people in Western Georgia
after it contaminated a water supply®2. Thereis no effective treatment for the disease. It is highly
infectious,® can kill children®, can be transmitted when the spores dry out and arecarried through the
air;®® and person-to-person spread has been documented.>®

It would appear that thisorganism'sappearance asa human pathogen in the U.S. was relatively
recent. ltsassociation with theimmunocompromised may haveallowed it to gain sufficient concentrations
in human hosts to increase its prevalence, thereby, allowing for the epidemic transmission to
immunocompetent hosts. It is reasonable to conclude that without the increased incidence of
immunocompromised personsand consequent declinein Herd Immunity, it would not have been ableto
establish itself as a pathogen in the United States population. For without the maintenance of a
population of immuno-incompetent individuals, it would not have had a reservoir. Therefore, it can be
logically argued that the advent of Cryptosporidiosis demonstrates a declination in Herd Immunity and
without this declinein Herd Immunity the Cryptosporidiosis prevalence could not be per petuated.

The increased incidence of these and countless other communicable diseases is the predictable
ramification of an increase in the carrier state of those diseases. Simply put, the longer a person carries
any given disease in a population, the greater chance the disease will be spread to others. It isalso an
epidemiological constant that asthe number of persons with disease in a given population increases, the
greater chance they will have of infecting other uninfected people. Therefore, the probability that they
will spread the disease increases even for diseases with less efficient modes of transmission.

SYPHILIS

The changing Syphilis epidemiology also offers an opportunity to explore the consequences of a
lossin Herd Immunity especially asit relatesto medical technology's potential inability to benefit by the
serologic manifestation of Herd Immunity in disease identification.

Decreasing Syphilis rates from the 1940's to the 1950's were largely due to a combination of
serologic testing, public health measures, and the availability of a cure. Seemingly, with the described
successes in educational effortsto reduce sexual behaviors that put person's at high risk for sexually
transmitted diseases, especially HIV, one would assume that Syphilis rates should still be declining;
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however, the oppositeistrue. The previous downward trends were reversed in 1987 when this nation
experienced at least a 25% increase over the previous year.> Geographically, this increase has
predominately occurred in areas of high HIV prevalence. Eighty-three percent (83%) of the national
increase and 57% of all cases occurred in New York City, California, and Florida.> This epidemic
continues to date with a 9.7% increase in 1989, the 1989 total representing a 52% increase over the
median incidence for 1984-88.>°

Numer ousexplanationshave been advanced including sexual promiscuity related to drug use, use
of spectinomycin (which does not cure incubating syphilis), and decreased public health resources.
Neglected in these explanations are the influences consequent to Herd Immunity decline due to the
prevalenceof HIV. Parallellingadecreasein apopulation'sHerd Immunity comesthe commensur ate
decrease in that population's sensitivity of serologic assays that require competent immune functions.
Hicks et. al. have described in a casereport®! a phenomenon that probably is occurring on a much larger
yet unquantified level. HIV infected patients faulty immune systems can fail to produce sufficient
antibody against Treponemal antigensto allow for seropositivity to be recognized on the standard tests
(VDRL and FTA-ABS) that rely upon these antibodies for proper function. The ramification of this
reality isthat screening programs relying upon these standard screening procedures can be expected to
miss significant numbers of infectious persons. Hence an increased ability of Treponema Palladium to
exist and spread without detection.

Too, high therapeutic failure rates occur in patients infected with both HIV and Syphilis even
when recommended levels of antibiotics are administered® leading to the conclusion that spirochetes
sequestered in the CNS and elsewher e can serve as sour ces for re-infection.

Others have recognized an association between genital ulcer disease and HIV.% % On the basis
of this association, some would conclude that behavioral considerations and/or the presence of blood
contact with the syphilitic ulcer predisposed the acquisition of HIV. An equally plausible explanation
could be that the disease causing the ulcer was present largely due to the HIV induced loss of immunity
in either thetransmitter or therecipient of disease. Attemptsto determine which condition preceded the
other so that a cause effect relationship can be substantiated is as difficult to prove as the argument
asking: Which camefirst, the chicken or the egg? However, it cannot be denied that Syphilis'sassociation
with HIV exists; and when applied to populations the consequence of a loss in Herd Immunity as
contributory cannot be neglected in any explanation of the phenomena.

The complex interactions and natural consequence of these immune capacity failures combined
indicatesthat, without theintervention of an asyet undefined variable, asthe prevalenceof HIV infection
increases, society can also expect to see a commensurate and continuing increase in Syphilisincidence
rates. Therefore, this set of circumstances must also be added to the list of reasons that explain the
increasing rates of syphilis seen only since the advent of the HIV epidemic.

Unfortunately, asubstantial number of other currently used serologic screening testsand skintests
rely upon humoral and cell mediated immunocompetence for proper function. As a population's
immunocompetenceislost, even if difficult to quantify, so to islost modern medicine's ability to cheaply
and efficiently screen for the presence of or assume the absence of disease. Especially problematic isthe
impact HIV infection will have on the ability of cliniciansto rule out diseases that have been in the past
excluded by the absence of specific serologic markersor cell-mediated immune responses. In the case of
Tuberculosis, anergy to skin testingisseen in up to 29% of AIDS patients® and the absence of cavitations
on cg&st x-ray cannot berelied upon sincethisis a cell-mediated response and distinctly uncommon in
AIDS™.

By any measure, as Herd Immunity declines, so declines the serologic manifestations of this
competencethat have been capitalized upon by moder n medical diagnostics. Ultimately, theramifications
of thisloss can only be seen to result in further damage to the populations wherein it resides since a
substantial quantity of diseasewill go undetected for longer periods giving rise to both prolonged carrier
states and increased frequencies of infectious transmissions.

The effort to improve Herd Immunity has long been evoked as a justification for mandatory
immunization programs that require children to be vaccinated against diseases before allowing them to
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enter schools. Acting upon that logic was demonstrated to be successful. By surrounding school children
only with other children who have immunity to a particular disease causing entity, the chances that a
given epidemic will flourish are greatly reduced because each contact made by the infectious person is
morelikely to bewith someonewhoisalready protected (immune) and ther efore, an epidemic that would
have otherwise occurred is not sustained.

MEASLES

The current Meadesepidemic (during 1989 a 430% increasein caseswerereported over the same
period in 1988°") and mumpsepidemic (during the period 1985-87 the annual incidence rate rose almost
five-fold®® and 1989 saw a 15% increase over the previous year ®) serve as theoretical and probably real
examples demonstrating the consequences of a reduction in Herd Immunity that had been previously
established asa result of intensive prior vaccination programs. If, indeed, an induced heightened level
of Herd Immunity was to be credited for the precipitous decline in incidence seen immediately after the
initiation of wide-spread vaccination programs, then a resurgence of disease could only bear eflection of
a declinein the previous level of population immunity.

For the years 1962-83, the Measles vaccination programs have been effective in steadily and
mar kedly reducing the occurrence of this disease. However, novel in and coincident with the AIDS era,
the period 1983 through the present has seen an overall increase in Meades incidence continuing with
substantial increasesbeing seen in 1989.7 In 1988, 68.9% of reported cases occurred among school-
aged children who had been previoudly vaccinated and most vaccine failures occurred in persons 12-19
yearsof age™ who earlier were believed to be sufficiently protected. So, the larger part of thisepidemic
occurrence cannot be explained on the basis of an increasing failure to have children immunized.

Again, Meades outbreaks have been observed in areaswith relatively high HIV seroprevalence
such asLosAngeles’ and Dade County Florida.” Indicating (in the absence of amorevir ulent organism)
alossin Herd Immunity to Measles demographically associated with relatively high HIV prevalence.

In deference to claimsthat a primary vaccine performance failure may be responsible™, it is
reasonable to assume that a stable rate of individual vaccine performance failures had been present
throughout the history of Measlesimmunization programs yet a failure had not been observed because
the prevalence of the Meadesvirus was kept low enough by national vaccine performance (induced Herd
Immunity) to prevent the percentage of poor vaccine responders from being seen epidemiologically.
However, when higher numbersof Meadles carriersexist in the population, the statistical probability of
an inadequately immunized individual (either from a primary vaccine failure or a waning of vaccine-
induced immunity) being exposed, infected, and becoming infectious correspondingly increases. Almost
by definition, this event can only occur in the presence of a reduction in Herd Immunity. It can be
concluded that an increase in infectionsin previously immunized persons would not have been observed
if the Herd Immunity had remained constant or increased.

The presence of HIV infected Meades carriers and their increased Meades transmissions with
insufficiently immunized contacts qualifies with equal if not greater weight asany other explanation.
Sincethe HIV infected individual isless likely to clear the infectiousorganism from hisor her body in a
timely and efficient manner due to the incompetent immune system, they can be seen to serve as a
probably moreinfectioussour ce of transmissionsfor alonger period of time. HIV infected children with
Measlesdo not necessarily demonstratethetypical, diagnosticrash.” Therefore, these children can serve
as a more efficient source of outbreaks for longer periods of time because the absence of typical clinical
symptoms precludes diagnosis, ther eby delaying or preventing initiation of treatment, outbreak control
measures, or appropriateisolation procedures.” It islikely that a substantial number of HIV infected
individualsharbor Meadesfrom exposuresand clinical diseasethat cannot be eradicated or ispresent due
to a failure of humoral immunity occasioned by HIV infections.

Thereisalso good reason to believe that AIDS victims are repeatedly susceptible to most of those
diseasesthat ordinarily arenot re-acquired by, persst in active statesin, or result in disseminated disease
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in personswho have previously acquired immunity. Thisphenomenon hasbeen described in apreviously
immunized 14 yr. old who had been immunized with live-attenuated Measles vaccine at 15 months and
again at 9 years of age yet till developed serologically confirmed Meades.”” This recurrance of disease
also has been described in Hepatitis B8, Herpes Simplex™, and Varicella Zoster®. Therefore, the HIV
infected are at increased risk of repeatedly serving as sour ces of infectious transmissions of any other
diseases that would otherwise have been arrested in the presence of a competent immune system.

CYTOMEGALOQOVIRUS

Any declinein Herd Immunity can be predicted to result in adetrimental tipping of the dynamic
balance of those highly infectious vir ses, such as Cytomegalovirus (CMV), Respiratory Syncytial Virus,
Rhinoviruses (Common Cold), Adenoviruses (Tonsilitis), and Rotaviruses (" Stomach Flu") which have
previoudly established delicate, long-standing, commensal relationships with human populations. The
incidence and prevalence of these diseasesis best exemplified by Cytomegalovirus infections which can
reasonably be expected to increase dueto their strong association with acquired immunodeficiency and
serveasasour ce of increased morbidity in HIV bearing populations. Although theepidemiological impact
on the general population isand will be difficult to assess dueto their highly variable sero-prevalence
beingafunction of age, socio-economical status, geographical location, and often subclinical presentation,
an increased concern related to Cytomegalovirus infectionsin those children exposed to contactsin day
carehasbeen raised for the acquisition of CMV by susceptible day care workers and motherswho carry
arisk for fetal infection® aswell asfor those increasing numbers of patientsiatrogenically (exposed by
a healthcare proceedure) or etiologically immunosuppressed in whom transfusion related or nosocomial
(hospital acquired) transmission® is likely. If these concerns are valid for those persons preferentially
exposed to a higher probability of contact, infection, and potential morbidity then the same concern
should be directed towards the entire population whoseincreased exposure will logically be the result of
an increasing number of viremic contacts who have become so as a consequence of concurrent HIV
infections.

An increased population threat can be envisioned and attributed to the HIV mediated
deterioriation of Herd Immunity asit pertainsto AIDSand CMV since up to 97 percent of AIDS patients
carry, actively secrete, and areinfectiousfor Cytomegalovirus.® On autopsy, 93% of AIDS patients have
evidence of disseminated CMV disease.®*

It has long been understood that CMV can cripple, blind, mentally retard, or kill fetuses and
newbor n infantswhen transmitted perinatally.®8%78 |ts potential for prevention often discounted due
to itshigh prevalence (up to 45% in Albany, New York, and 82% in low-incomeareas of Birmingham®),
it, nevertheless, has been characterized as the leading cause of virus induced birth defects (including
mental retardation) in thenation.*® Its precise frequency and transmission in peopleis currently poorly
understood; but there is reason to believe it is significantly infectious, being transmitted sexually,®*
horizor;stally and vertically®?, and can infect newborns perinatally®* or as a consequence of fomite
spread™.

Although CMV infection in the normal or otherwise healthy person may be asymptomatic, it can
produceafebrileillnessresultingin aclinical picturesimilar to infectiousmononucleosisor complications
including Guillain-Barresyndrome, meningoencephalitis, mGyocarditis, hemolyticanemia, granulomatous
hepatitis, pneumonia, thrombocytopenia, and retinitis.® In the immunosuppressed or transplant
recipientstheproblem isby nomeanstrivial and accountsfor significantly increased recipient mortality. %

Recently, it has been shown that day-care workers have annual seroconversion rates as high as
11%% and concern hasbeen voiced for child-bearing-aged women from areas of low prevalencewho are
being exposed to a higher risk for primary Cytomegalovirus infection due to their daycare childrens
contact with other children infectious for Cytomegalovirus®. Logically, the same concern should be
directed towards those populationsin close contact with any person infectious for Cytomegalovir us.

Consider the consequences of a single daycare teacher with HIV related disease or AIDSwho is
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daily secreting any number of infectious diseases because (s)helackstheimmune competenceto suppress
the infections; and, therefore, isrelatively both moreinfectious for any particular infectious agent and
infectious for longer periods of time when compared with an non-HIV infected person.

Cytomegalovirus(CMV) providesan appropriate example since some studies have shown nearly
100% of AIDS patients are actively secreting CMV, and CMV iseasily spread by contaminated objects
(fomites) and hand contact. When a child acquires the disease the infection comes into the homeof that
child where, quite often, the mother is of child bearing age or pregnant (since motherswith one child in
daycare have a higher probability of being still in their childbearing years, currently pregnant or with
a susceptible newborn at home than other contingents of the population). CMV may be a relatively
benigninfection for non-pregnant, otherwisehealthy and non-immunosuppr essed persons, but it hasbeen
known to spread through nurserieskilling neonatesand it carries a 30-40% chance of being transmitted
to the fetusin pregnant women who become infected.!®

For thisreason, HIV infected per sonswith active Cytomegalovir usinfectionsshould be consider ed
capable of placing at higher risk pregnant women, newborns, or the immuno-suppressed (such as other
HIV infected persons, transplant recipients, cancer patients, or the elderly) with whom they arein close
physical contact or when the likelyhood of fomite transmission is high.

INFLUENZA

Influenza provides a model supporting the likely reality of the hypothesis that the HIV afflicted
are more likely to serve as sources of infection by pathogenic organisms because their bodies do not
respond like a normally immuno-competent person'swith regard to protection by individually acquired
immunity and vaccinations. This belief also servesto explain the currently and continuously increasing
influenza activity'®* and mor bidity seen sincethe advent of AIDSsince, not unlike the above mechanism
postulated for meades, asthe her d becomesincreasingly peopled withimmunocompetent individuals. One
can reasonably conclude that the ability to induce and benefit from the Herd Immunity that has served
asa basis for broad-based Influenza vaccination strategies'® also will be significantly impaired.

Centersfor Disease Control data have shown that during the 1980'sthe number and per centage
of deathsattributableto pneumonia and Influenza among per sons age 25-44 morethan doubled in cities
with high AIDSiincidence.’® Thisassociation with AIDS and Influenza is significant enough for some
authors to advocate annual immunization of the HIV-infected's household contacts.'® The mortality
from pneumonia and Influenza reported by vital records officesin 121 U.S. cities recorded from 1979
through 1989 have shown a progressive increase from approximately 3.5% to 5.5%.1% Nationally, the
number of deathsfrom Influenza and pneumonia during 1988 was higher than the preceding four years.

If thehypothesisput forth hereisan accur ater eflection of nature, one can expect afutureincrease
in not only numbers of same serotype epidemics but the number of serologically different epidemics as
well. Thiscan be predicted because the Influenza organisms do not reproduce in the environment, they
requirehuman hostsin which tounder gothesuccessive, successful mutationsthat allow for antigenic drift
and shift to occur. It isreasonable to assume that a limiting factor in the rate of shift or drift isthe
immunity generated by individualsin the population that eradicate the organisms from the host prior
totheir production of anew immunologically distinct strain. Unlessone holdsto the ar chaic spontaneous
generation theory or abelief that they filter down from outer space, these strainsmost probably originate
in Influenza's hosts; and it islogical to assume that they originate in humans who are infected with the
progenitor strain. If conditions are such that human hosts allow the organismsto thrive for prolonged
periodsof timeand/or thenumber of human hostsincreases, the statistical probability that new serotypes
will develop can only be increased. HIV infectionsin the hosts provide precisely that environment by
preventing an appropriate immune response from eradicating the organisms before they undergo
sufficient mutational eventsto allow for the creation of novel, serologically distinct strains.

It has been shown that morethan half of personswith AIDS or ARC do not produce antibodies
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considered to be protective in response to four different Influenza vaccines.’® It can be assumed, then,
that, once infected by the initial wild-type Influenza virus, the HIV afflicted host will retain and be
infectious for this organism for significantly longer periods than their immunocompetent counter parts.
A consequence of thisincreased carrier state duration isthat the immunocompromised hosts will serve
asapreferential mediafor not only increased infectivity and transmission to their contactsbut prolonged
viral reproduction allowing for the higher probability of production of new serologically different strains.
This HIV related phenomena probably applies to all viruses but special concern should be directed
towards genetically integrative viruseswhosereproduction would be otherwise limited or arrested on an
individual and population level by a competent immune system. TheHIV itself appear sto capitalizeupon
itsinduction of immuno-incompetence combined with a prolonged duration of infection and propensity
for mutagenicity to produce variant surface mor phologiesthat allow for increased infectivity and for the
creation of successive serotypesthat requirea specificimmuneresponse each more progressively difficult
to generatein order to effect successful antibody neutralization.

Apparently, there isa micromolecular natural selection process occurring wherein viral clones
preferentially reproducethrough a selection advantageimparted by variant envelope protein structures.
The envelope proteinsthat bind more efficiently to human cells or more successfully evade the existing
antibodiesimpart amore competent capacity to both surviveand reproduce. TheHIV infected host, over
time, creates multiple clones each increasingly capable of infecting and inflicting cytotoxicity on T-Cells
or other cell types, resulting in progressive damage to the immune system. The result is morbidity
ultimately terminating in host death.

This hypothesisis supported by the findings that in an individual presumably infected with a
singular viral isolate, cumulative changes develop in immunologically relevant regions of the HIV-1
envelope, 1%’ the development of AIDSin seropositive individualsis correlated with the emergence of HIV
isolates that were more cytopathic'® and were more replication efficient in a variety of human cells, 1%
and most of the HIV isolates from asymptomatic individuals do not infect T-Cell linesyet isolates from
those persons with AIDS do.%°

This prolonged period of virus presence that predisposes an increased opportunity for viral
mutagenicity and variant clone creation has been previously described in relation to a continuous
Varicela-Zoster infection (Chicken-Pox/ShingIes) in a child with AIDS who developed an Acyclovir
resistance during the course of her treatment,™* acyclovir-resistant herpes simplex in AIDS patients,*!2
and ganciclovir resistant cytomegalovirusin AlDS patients.**® Thesefindings not only confirm thereality
of the above described hyperclonic phenomenon occasioned by viruses in the presence of HIV induced
immunocompetence but raises the specter of yet another threat to the ability of a population to avoid
associated disease occasioned by the HIV epidemic--the increasing frequency and rapid development of
anti-microbial resistance both in viruses'* and bacteria™.

Per sons concerned with the future consequences of HIV on Herd Immunity must view Herd
Immunity in an all-encompassing per spective that incorporates all aspects of a population's ability to
resist thedamageinflicted by pathogenic organismsover time. Anincreasein therapidity, incidence and
prevalence of drug resistance development by all types of pathogenic microorganisms can be predicted
for society or the herd that includes all of the human population because these microbes will be allowed
to persist and replicate in HIV infected hosts that lack sufficient immunocompetence to completely
eradicate the residual coloniesthat residein body areas and tissues where inhibitory concentrations of
chemotherapeutic agents cannot be attained and a reliance upon theintrinsic capability of theimmune
system is essential for the microbe's eradication from the host.

Although thisscenario hasused virusesasan example, the sameconceptshold for every infectious
organism capable of causing disease in humans. The more persons lacking immunity in any given
population, the greater chance that epidemics will occur and the greater chance any given uninfected
individual has for acquiring disease as a result.

In thisway, it can be seen that when componentsof a population with faulty immune systemsare
increasingly distributed throughout a population, it comes at the expense of Herd Immunity. The
ultimate consequence of a societal failure to act upon the known ramifications of a reduction in Herd
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Immunity isdifficult to accurately quantify; however, one thingiscertain--the™herd" can beassured of
an increased incidence and prevalence of disease. To what degree thiswill impact the society, especially
in densely populated areaswherethe necessary contact to allow for atransmission of diseaseismorelikely
to occur, remainsto be seen; yet, no single factor better servesto explain the multiple epidemicincreases
being seen in the United States that have occurred since the advent of the HIV era than HIV itsalf,

Out of necessity, theHIV epidemiccausesusto re-evaluatetherelationshipsindividualshave with
their society in the context of infectious disease. The belief that our society had evolved beyond the
catastrophic consequences of infectious diseases has had to be abandoned in light of the Human
Immunodeficiency Virussentry into the grand equation of lifeand death. These considerations argue
strongly for PublicHealth Department identification and monitoringfor Human Immunodeficiency Virus
with especially focused surveillance for the AIDS-Related Superimposed Secondary Infections by
preferential screening programs. Most certainly, theinfected individualswould benefit by being affor ded
the opportunity for early diagnosis and treatment. Without question, society would benefit since the
transmission of technologically preventable disease would be significantly reduced.

--William T. O'Connor, M .D.
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