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(" Abstract: Human Immunodeficiency virus infection leads to rapid depletion of CD,+ T-cells and makes the person wuinerable for various less )
virulent pathogens commonly known as opportunistic pathogens, because they raréycausediseas&sin immunecompetent host. When an acute
opportunistic infection is present, initiation of anti-retroviral therapy (ART) is expected toimprove the CD .+ T-cell countsand faster resolution of
the opportunistic infection. However, it has been seen that due to improvement in the host immune system after ART, rather than improvement in
the general condition of the patient, thereisflaring of opportunistic infection or unmasking of latent infections. Thismay results either severeform
of the exigting infection such astuberculosis or unmasking of silent infections such as Mycobacterium avium intracelluare complex (MAC), CMV
retinitis, viral hepatitis, paragtic and fungal diseases. This condition previoudy known as paradoxical reaction has been named as immune
Recondgtitutive Sndrome (IRS) or Immune Recondtitutive Disease (IRD). This paper reviews various opportunistic pathogens, their manifesta-
tions during the immune recongtitutive phase and its management. Thisreview makesimportant reading to clinicians and even the AIDSactivists
to understand this aspect of AIDStherapy, as the patient and their relatives are often mistaken aswrong or ineffective treatment with IRS
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INTRODUCTION

As a halmark, all HIV infected patients face severe immune
suppression leading to various opportunistic infections. When highly
effective antiretrovirals are given to these patients, the main focus of
thetreating physicianistorestorethe patient’' simmune systemrapidly.
However, while effective immune restoration on one hand achieves
immune recovery, it can aso be detrimenta and lead to worsening of
some latent opportunistic infections. This syndromeis known asthe
immunerecongtitution syndrome (IRS) or immunerestoration disease
(IRD). IRD or IRSisdefined asan acute symptomeatic or paradoxical
deterioration of a (presumably) pre-existing infection that is
temporally related to the recovery of the immune system and is due
to immunopathological damage associated with the reversal of
immunosuppressive processes, such aswithdrawal of corticosteroids,
recovery of the neutrophil count from chemotherapy, engraftment
after bone marrow transplantation, or highly active antiretroviral
therapy (HAART) for AIDS. The pre-existing microbial infection
could be either asymptomatic or mildly symptomatic. The resulting
clinical manifestations of this phenomenon are diverse and depend
on the associated pathogens viz. mycobacteria, parasites, viruses, or
fungi®2.

Immune recongtitution syndrome (IRS) usually occurs in patients
on HAART due to effective inflammatory response to residual
pathogens. It is reported that within 4-6 weeks of initiation of
HAART, the HIV-RNA load declines while CD,+ T-cell count starts
increasing?. This leads to a paradigm shift of immune response from
TH, typeto TH, type. Patientswith very low CD,+ T-cell count and
high HIV viral load are more prone for IRS particularly with
intracellular pathogens. IRS is now a major concern in developing
countrieswhere aggressive HAART therapy isnow easily available.
When an acute Ol is present, initiation of ART isusually expected to
improve immune function and contribute to faster resolution of the
Ol. Initiation of ART has been documented to be effective for Ols
for which effective therapy does not exist, for example,
cryptosporidiosis, microsporidiosis, and progressive multifocal
leukoencepha opathy (PML)*2. After HAART, these infection might
resolve or at least stabilize. For Kapos's sarcoma (KS), initiation of
ART has been documented to lead to resolution of lesions in the

absence of specific therapy for the sarcoma. However, starting ART
during an acute Ol has severa potential disadvantages. Severely ill
patientsmight not absorb ART drugs, leading to subtherapeutic serum
levels and the development of antiretroviral drug resistance. Rena
or hepatic dysfunction during acute Ols also pose problem in
estimating the correct dose of ART drugs. Finally, IRIS events can
occur and cause manifestations that are difficult to distinguish from
other clinical conditions.

The term IRS has been used as suffix to describe agroup of clinica
syndromes associated with immune reconstitution that have been
observed most commonly for mycobacterial infectionsas TB-IRS or
MAC-IRS, but also for other Ols, including Pneumocystis jirovecii
pneumonia (PCP), toxoplasmosis, hepatitis B and C viruses,
cytomegalovirus (CMV) infection, varicella-zoster virus (VZV)
infection, cryptococcal infection, histoplasmosis, Penicillium
marneffei and PML likewise2. IRS manifestations are diverse and
have not been defined precisaly; they are usually characterized by
fever and worsening of the clinical manifestations of the underlying
Ol. These clinica manifestations might be at the site of previoudly
recognized opportunistic disease or might “unmask” disease at new
sitesnot previously known to beinfected by the pathogen, asdescribed
in the beginning. The mgjority of patients who manifest IRIS do so
within thefirst 4-8 weeks after starting ART, and have had high viral
loads and low CD,+ T-lymphocyte (CD,+) counts.

MYCOBACTERIUM TUBERCULQOSIS
INFECTION AND DISEASE

Tuberculosis continues to be amajor problem in Sub-Saharan Africa
and Asia, killing maximum cases by a single infectious disease.
Tuberculosisistheleading cause of morbidity and mortality in patients
with HIV/AIDS living in low income countries. The World Hedlth
Organization (WHO) estimatesthat TB isthe cause of death for 13%
of persons with AIDS. Usualy within 2-12 weeks after infection,
our immune system successfully limits multiplication of tubercle
bacilli. However, viable bacilli persist for years, a condition referred
toaslatent TB infection (LTBI). Personswith LTBI are asymptomatic
and are not infectious. TB disease can develop immediately after
exposure (primary disease) or after reactivation of LTBI (reactivation
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disease). Primary disease accounts for one third or more of cases of
TB disease in HIV-infected populations .

The estimated annual risk for active TB among personswith LTBI in
the general populationis 12.9 per 1,000 person-years of ohservation.
In contrast, rates of progression to active TB among HIV-infected
persons with LTBI have ranged from 35 to 162 per 1,000 person-
years of observation. Unlike other AIDS-related Ols, CD,+ count is
not areliablepredictor of increased risk for TB diseasein HIV-infected
persons. In both TB-endemic and non-TB-endemic areas, patients
can have relatively high CD,+ counts at the time HIV-related TB
disease develops. As with HIV-uninfected persons, HIV-infected
persons who live or work in high-risk congregate settings such as
correctiona facilities, hedth-care facilities, drug-treatment units, or
homeless shelters are at increased risk for acquiring TB.

MYCOBACTERIAL IMMUNE
RECONSTITUTION INFLAMMATORY
SYNDROME (IRIS)

A baseline evaluation and monthly follow-up consisting of clinical,
bacteriologic, and periodic laboratory and radiographic evaluations
areessential to ensuretreatment success. Clinical history and baseline
tests to evaluate hepatic function (AST, bilirubin, and alkaline
phosphatase), rena function (serum crestinine), completeblood count
(including platelet count), and CD,+ counts are recommended for
all patients, even though in India it is not a routine practice due to
feasibility reasons. Fever in an HIV-infected patient who has been
receiving effective TB therapy for severa weeks might represent
drug fever, a paradoxical reaction, or IRS*S. If superinfection or
worsening TB is excluded as a potential cause, al TB drugs should
be stopped. Once the fever has resolved, the general guidelines
described for restarting/stopping drugsin the presence of arash should
befallowed. For ART-naive, HIV-infected personswho arediagnosed
with active TB, anti-TB treatment must be started immediately. There
isnostandard optimal timing of initiation of ART but most clinicians
feel that should be started after 2 months. Options include
simultaneous TB and ART or treatment of TB first with delay of
ART by several weeks to months. For patients with a CD,+ count
<100 cellg/pL, ART should be started after >2 weeks of TB treatment
to reduce confusion about overlapping toxicities, drug interactions,
and the occurrence of IRS. For persons with a CD4* count of 100-
200 cells/uL, some experts advocate to delay ART until the end of
the 2-month intensive phase of anti-TB treatment. In those with a
sustained CD .+ count >200 cells/uL, ART could be started during
the anti-TB maintenance phase and for those with a CD,+ count
>350 cellg/pL, after finishing anti-TB treatment. In one study,
paradoxica reactions occurred in amost al HIV-infected patients
with TB and a CD,+ count <100 cells/uL who started ART within
the first 30 days of TB therapy®.

IRIS or a paradoxical reaction occurring after the initiation of ART
is thought to be the result of recovery of immune responses to
previoudly recognized TB antigens, reconstituted by ART or by TB
treatment itself. The immune response might be an exaggerated
inflammeatory response during TB treatment in a patient known to
have TB, or might unmask previousy undiagnosed TB, referred to
as TB-associated IRIS™.

TB-associated paradoxical reactions or IRIS usually occur in the
first 1-3monthsafter starting ART in patientsreceiving TB treatment.
Therisk for IRIS is greater when ART is started within the first 2
months of TB therapy and when the CD,+ count is <100 cells/uL.
Signs of TB-IRIS can include, but are not limited to, high fevers,
worsening respiratory status, increase in size and inflammation of
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involved lymph nodes or new lymphadenopathy, breakthrough
meningitis or new or expanding CNS lesions, radiologic worsening
of pulmonary parenchymal infiltrations, and increasing pleural
effusions. Such findings should be attributed to IRS reaction only
after a thorough evaluation has excluded other possible causes,
especialy failure of TB therapy. IRS manifestations are usualy self-
limited but if symptoms are severe, supportive treatment might be
required, depending on the nature of the complications.

Beside M. tuberculosis, Mycobacterium avium complex (MAC) is
the leading cause of Mycobacterial IRS. Though in Indian M.
tuberculosis is most common, in USA, M. avium is the etiologic
agentin>95% of patientswithAIDSwho acquiredisseminated MAC
disease. In the absence of effective ART or chemoprophylaxis in
those with AlDS-associated immune-suppression, the incidence of
disseminated MAC disease is 20%-40%. For persons with a CD+
count <100 cells/uL who are receiving effective prophylaxisor have
responded to ART with asustained increasein CD,+ count to levels
>100—200 cellg/uL, the overdl incidence has been estimated at 2
cases per 100 person-years. MAC disease typicaly occurs among
persons with CD,+ counts <50 cells/uL. Other factors that are
associated with increased susceptibility to MAC disease are high
plasma HIV RNA levels (>100,000 copies/mL), previous Ols,
previous colonization of the respiratory or gastrointestinal tract with
MAC, and reduced in vitro lymphoproliferative immune responses
to M. aviumantigens, possibly reflecting defectsin T-cell repertoire®®

16-18

FUNGAL IRS

Amongst the fungi, so far, IRS has been extensively reported with
Cryptococcus neoformans, Histoplasma capsulatum, Pneumocystis
jirovecii, Aspergillus and recently with Penicillium marneffei®,

CRYPTOCOCCOSIS

The magjority of HIV-associated cryptococcal infections are caused
by Cryptococcus neoformans; rarely, infection because of
Cryptococcus neoformans var. gattii is recognized in the United
States. Before the advent of potent ART, approximately 5%-8% of
HIV-infected patientsin devel oped countries acquired disseminated
cryptococcosis. The incidence has declined substantially since then.
The majority of cases are observed among patients who have CD +
counts of <50 cellg/L.

After theinitial 2 weeksof trestment, arepeat lumbar puncture should
be performed to ensure the organism has been cleared from the CSF,
even among those who have improved after the initia 2 weeks of
treatment. Positive CSF cultures after 2 weeks of therapy are
predictive of future relapse and typically less favorable clinical
outcomes. If new symptomsor clinical findings occur later, arepeat
lumbar puncture, with measurement of opening pressure and CSF
culture, should be performed. An estimated 30% of patients with
cryptococcal meningitis and HIV infection experience IRIS after
initiation or reinitiation of ART. Patientswho have cryptococcal IRIS
aremore likely to be antiretroviral naive and have higher HIV RNA
levels. Appropriate management of IRIS is to continue ART and
antifungal therapy. In patientswith severely symptomatic IRIS, short-
course glucocorticosteroids are recommended by certain specidists.
Delaying theinitiation of potent ART might be prudent, at least until
the completion of induction therapy (the first 2 weeks) for severe
cryptococcosis, especialy if patients have elevated intracranial
pressuret>s,

HISTOPLASMOSIS

Histoplasmosis is caused by the dimorphic fungus Histoplasma
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capsulatum. Virtudly al casesof primary histoplasmosisareacquired
by inhalation of microconidia from the mycelial phase of the
organism. The incidence of symptomatic histoplasmosis in patients
with HIV infection appears to have declined since the use of potent
ART. IRIS has been reported uncommonly in patients with
histoplasmosis. ART should not be withheld because of concern for
the possible development of IRIS.

PENICILLIOSIS

Penicilliosismarneffe (penicilliogs) is caused by the dimorphic fungus
Penicillium marneffei, which is endemic in Southeast Asia (especidly
Northern Thailand) and southern China . More recently, 50 indigenous
cases of penicilliosis occurred in Manipur Sate, India, a new endemic
areaof thisfungus. Internationd travel requiresincreased avarenessand
recogntion of penicillioss and its trestment. Penicillium marneffel has
been found to be an emerging pathogen in the Indian state of Manipur,
which sharesborderswith Myanmar, but has never been diagnosed from
north India. Recently an unique case of disseminated Penicilliosis
marneffel and Cytomegalo virus manifesting as a result of immune
restoration after highly active antiretrovird therapy, was reported from
Dedhi®. This rare case presented with fever, icterus, lymphadenopathy
and hepatosplenomegaly, but no skin lesons. Differentid diagnoses of
disseminated tuberculosis, leishmaniasis and histoplasmosis were
congdered. Hisblood culturesweregterileand no growth of mycobacteria
was seen on MGIT 960 culture. His blood was PCR negative for
mycobacteria but positive for cytomegalovirus (CMV). Serology for
Leishmania was a0 negetive. However, the diagnogs of Penicillium
marneffel was clinched on finding typicd yeest cdls on Giemsastained
lymph node fine-needle aspirates and typicad mould formsin culture on
sabouraud dextroseagar. (Figure 1) Thepatient wastrested successfully™.
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Figure 1. Photomicrograph of Giemsa stained lymph node aspirate showing
intracellular as well as extra-cellular yeast cells. Distinctive septation was
seen on Gomori’smethenamine silver stain (Inset b) and also visible as negative
staining on Giemsa (arrows). Lacto-phenol cotton blue preparation fromgrowth
showed typical Penicillium heads (Inset a).

PARASITIC IRS

Pneumocystis Pneumonia

For thesereasons, no consensushas been reeched concerning the optimal
time to start ART in the setting of a recently diagnosed Pneumocystis
jerovidii pneumonia(PJP). However, onerecently completed randomized
clinicd trid has demongtrated a dinicd and survivd benefit of garting
ART early, within thefirgt 2 weeks, of initiation of trestment for an acute
Ol, excluding TB. Careful monitoring during therapy is important to

evaluate response to treatment and to detect toxicity as soon as posshle.
Follow-up after therapy includes assessment for early relgpse, especialy
when thergpy has been with an agent other than TMP-SMX or was
shortened for toxicity. PJP prophylaxis should be initiated immediately
upon completion of thergpy and maintained until the CD,+ count is>200
cdlguL. IRIShasbeen reported following PCP. M ogt caseshave occurred
within weeks of the episode of PJP. Reported cases are not sufficient to
provide guidance on the optimd time to start ART following a mild or
severe case of PIP

TOXOPLASMOSIS AND LEISHMANIASIS

Toxoplasmic encephdlitis (TE) is caused by the protozoan Toxoplasma
gondii. Diseasegppearsto occur dmost exdusively becauseof reectivation
of latent tissue cysts. Primary infection occasiondly is associated with
acute cerebrd or disseminated disease. Changesin antibodly titersare not
useful for monitoring responses to therapy. Patients with TE should be
monitored routinely for adverse events and clinical and radiologic
improvement. Severd cases of neurologic disease have been attributed to
immune recongtitution and toxoplasmosis, but more data are needed to
verify that such casesare IRIS rdlated to T. gondii.

L eishmanias samong personswith HIV/AIDShasbeenreported primarily
from Spain, Itay, France, Braxil, Indiaand Ethiopia, but most coinfections
in the developing world are never reported . In HIV-infected persons
without severeimmunosuppression, diseese manifestationsare milar to
those in immunocompetent persons. Among those with advanced
immunosuppressionandlow CD + counts(<200 cdlIS/uL ), manifestations
of leshmaniassmight be both atypica and more severe, and relgpse after
trestment iscommon. Thereisvery limited dataregarding |RS-associated
leishmaniasisto provide data for specific IRS management guiddines.
Leishmaniasis that manifests after initiation of ART requires specific
thergpy condstent with guidelinesfor initia treatment or management
of relapse*.

CRYPTOSPORIDIOSIS

Cryptosporidiossis caused by various species of the protozoan paradite
Cryptosporidium, which infect the small bowel mucosa, and in
immunosuppressed persons, the large bowel and extrarintesting Stes.
Persons at greatest risk for disease have advanced immunosuppression,
typically CD,+ counts of <100 celluL. Thethree most common species
infectinghumansareC. hominis, C. parvum, and C. meleagridis. Infections
areusudly caused by one speciesbut might bemixed. |RIShasnot been
described in association with treatment of cryptosporidiosis or
microgporidioss.

VIRAL IRS

Cytomegalovirus Disease

Cytomegalovirus (CMV) is a double-stranded DNA virus in the
Herpesvirus family that can cause disseminated or locaized end-organ
disease among patientswith advanced immunosuppression. Mot clinica
disease occurs in previoudy infected (seropositive) persons and so
representseither reactivation of latent infection or reinfection withanovel
grain. Before potent ART, an estimated 30% of patients with AIDS
experienced CMV retinitis some time between the diagnosis of AIDS
and death. This incidence has dedlined by 75%-80% with the advent of
ART and now is estimated to be <6 cases per 100 person-years.
Immune recovery uvetis (IRU) isan ocular form of IRIS caused by an
immunologic reaction to CMV, characterized by inflammation in the
anterior chamber or vitreous in the setting of immune recovery after
initiation of ART and is usudly observed among those patients with a
subgtantial risein CD,+ counts in the first 4-12 weeks &fter initiation of
ART. Ocular complications of uveitis include macular edema and the



development of epiretind membranes, which can cause loss of vison.
Trestment usudly requires periocular corticosteroids or short courses of
systemic corticosteroids. Estimated response rates are 50%. One
uncontrolled case series suggested thet IRU (or CMV retinitis-associated
IRIS) might respond to ord vaaciclovirt®,

HEPATITISB VIRUS INFECTION

Hepatitis B virus (HBV) is the leading cause of chronic liver disease
worldwide, but more commonly in Asian counries. Up to 90% of HIV-
infected persons have a least one serum marker of previous exposureto
HBV, and gpproximately 10% have evidence of chronic hepetitis B.
Return of immune competence after ART can lead to reectivation of
HBV-associated liver disease Any immune recondiitution can lead to a
rise in serum aminotransferases, so caled “hepatitis flare”, which
congtitutes IRIS in HIV/HBV-coinfected persons. IRIS might be
meanifested by dramatic increases in serum aminotransferases as CD,+
countsrisewithin thefirst 6-12 weeks after sarting ART, with signsand
symptomscharacteristic of acutehepdtitis Themgjor probleminmanaging
adverse effects and drug-induced liver injury is determining whether the
manifestationsaredueto medication or the hepatic flaresassociated with
IRIS. Initiation of ART without anti-HBV therapy might lead to
reectivation of HBV. A hepatic flare might a so occur when patients must
discontinuetheir ART. Elevated aminotransferases might also occur after
the onset of drug resstance, which is common even and increases over
timewith medi cations such aslamivudine. Henceto confirm the hepatitis
flare serum HBV DNA testing will be more gppropriate™.

HEPATITIS C VIRUS INFECTION

Hepatitis C virus (HCV) is a single-sranded RNA virus that is most
efficiently oread through direct blood exposure to contaminated blood
or blood products. BathHIV and HCV can betransmitted by percutaneous
exposure to blood, through sexud intercourse, and from amother to her
infant. However, the rdative efficiency of transmission by these routes
vaies. HCV isapproximately 10timesmoreinfectiousthan HIV through
percutaneous blood exposures, but sexual transmission of HCV is
inefficient compared with HIV. Transmission of HIV and HCV through
contaminated blood products is now rare because of effective screening
of blood and blood-derived products in the United States.
Assessment of HCV RNA leve isthebest measure of trestment response
and should be performed at basdline and after completion of thefirst 12
weeksof thergpy for HCV infection. Inthecontext of trestment monitoring,
relapse is defined as the absence of detectable HCV RNA at the end of
treatment that is not sustained after the discontinuation of therapy.
Bregkthrough is the re-emergence of detectable HCV RNA following
uppression bel ow thelimit of detection despitethe continuation of thergpy.
As with HBV coinfection, in HCV-coinfected persons, IRIS might be
manifested by dramatic increeses in serum aminotransferases as CD4*
counts gtart rising, usudly within the first 6-12 weeks. The Sgns and
symptomsare characteristic of hepdtitisflares After introduction of ART,
serum aminotransferases should be monitored closdly preferably every 3
months. Thereisnoreiabledlinica or [aboratory parameter todistinguish
hepatotoxicity from IRIS. Progpective sudies are underway a various
centers to find the incidence of presumptive IRIS within the first 12
months of ART initiaion®.
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OTHER OPPORTUNISTIC INFECTIONS

The reporting of IRSis not uniform and several cases go unnoticed
or unreported in the literature. Ideally any Ol can manifest or have
unmasking if the patient is severely ill and his/ her CD,+ counts
have gone <200 cells/uL. In these patients the highly active
Antiretroviral Therapy (HAART), improves the CD,+ very quickly
leading to paradoxical reactions. Reports are owly but steadily
coming involving Opportunistic infections like Parvo-B19-IRS%,
Srongyloides stercoralis /RS and even worsening of Kaposi
sarcoma??. Many more such IRS are expected to come to our
knowledge in near future.
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