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CHAPTER 15

PNEUMONIA IN THE IMMUNOCOMPROMISED
AND IN THE MALNOURISHED CHILD

Dr. Renato Tetelbom Stein

I.  INTRODUCTION

The purpose of this chapter is to give an overview of the role of malnutrition and immuno-
suppression in children with pneumonia in light of the elevated morbidity and mortality in
these patients.

The pulmonary defenses in children depend on a set of mechanical and immunological bar-
riers. Malnourished children are at greater risk of developing respiratory infections, but there
is little data that explain the complex association between malnutrition and the development
of pneumonia.

Malnutrition is one of the major problems in children in developing countries, where mil-
lions die from infections every year (1). The interactions between infections and malnutrition
are well recognized and have been extensively reviewed (2-5). These relations concern the
effects of malnutrition on host defenses in children and the possible adverse effects of infection
on the nutritional status of the host. In addition, the interactions between infections and mal-
nutrition are influenced by many other factors such as living conditions, poor education, pover-
ty, and poor sanitation.

With the appearance of the epidemic of acquired immunodeficiency syndrome (AIDS), many
children began to be admitted to hospitals and clinics with unusual clinical pictures due to their
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immunodeficiencies. This chapter will refer mainly to children with AIDS who present with
pneumonia caused by different microorganisms.

Other reference works (6, 7) extensively cover most of the topics under review in this chapter. 1

II.  LUNG DEFENSE MECHANISMS
2

The lungs contain the largest surface area of the body exposed to environmental agents. Total
pulmonary surface area is estimated to be about 200 m2 (8). Given the density of bacteria,
viruses, and fungi in the air and in light of an average person’s inspiration of 10,000 to 20,000
liters of air every day (9), it is easy to see why patients with impaired resistance are prone to
serious infections.

Lung defenses against infection have been reviewed by Murphy and Florman (10) and Quie
(11). Under normal conditions they include mechanical movement, an intact epithelium, cil-
iary activity, oligopeptides, lymphoid tissues, and the alveolar macrophages. The many defi-
ciencies in these mechanisms in association with malnutrition have been reviewed by Rochester
and Esaun (12) and by Martin (13).

III.  PNEUMONIA IN MALNOURISHED CHILDREN

Deaths in children under 5 years of age in developing countries occur more frequently and
with greater severity among those who are malnourished (14-17). The study conducted by
Tupasi et al. (16) shows that the risk of death from acute lower respiratory infections (ALRI)
is from 4.4 to 27 times greater in children suffering first, second, and third degree malnutri-
tion than it is in normal children. The study conducted by Escobar et al. (15) in Colombia and
other studies (14-17) coincide in their results.

Certain defects are found in the host defenses of children suffering from protein-energy mal-
nutrition. These include abnormalities of epithelial surfaces, complement, phagocytosis,
immunoglobulins, T and B lymphocytes, and natural killer cells (18-21). Many studies that
have reviewed the microbiologic causes of pneumonia in children from developing countries
(22) have found that Streptococcus pneumonia and Haemophilus influenzae are the most
common bacterial causes of pneumonia in these children.

Only one study, done in Chile by Mimica et al. (23), compared well- and malnourished chil-
dren using lung puncture and microbiologic cultures for etiological diagnosis. It was found that
opportunistic organisms represented a higher proportion of isolates from severely malnour-
ished children than in less severely malnourished children or in normal children. Berkowitz

1 As a complement to this chapter, consult the respiratory disorders part of the manual of clinical management Pautas para
la Atención Clínica del Niño Infectado por el VIH, which was prepared by the PAHO Regional Programme on AIDS and
STD based on the document Guidelines for the Clinical Management of HIV Infection in Children, 1993, of the WHO Global
Programme on AIDS (WHO/GPA/IDS/HCS/93.3).

2 See Chapter 11, Viral and bacterial pneumonias, by R. Ruvinsky and A. M. C. Balanzat for amplification of the pulmonary
defense mechanisms.
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(24) underscored the difficulties in interpreting these data, pointing out that although the
organisms were identified as opportunistic (mainly Achromobacter, Corynebacterium sp.,
and Streptococcus faecalis), extrapolation of these data in relation to other localities and pop-
ulations in general would be problematic. In addition there were methodological questions;
only 45% of the children were positive, and 60% of them had received antimicrobial therapy
before their samples were taken for diagnosis.

There is little information to confirm whether malnourished children respond in the same
way as immunocompromised children when they present pneumonia. Nevertheless, it can rea-
sonably be assumed that one of the important findings of protein-energy malnutrition is a dete-
rioration in host defenses. Therefore, malnourished children may be more easily affected by
unusual microorganisms. It is also likely that malnourished children present greater incidence
of infections from enteric bacilli, due to greater oropharyngeal colonization (25).

Some other studies (26-30) have consistently shown that the major bacterial causes of pneu-
monia in children in developing countries (with many malnourished children included) are S.
pneumoniae, H. influenzae, and Staphylococcus aureus. The same microorganisms are
responsible for pneumonia in well-nourished children in industrialized countries.

Recent studies (31) have shown that premature infants have specific risk factors that lead
them to develop wheezing and probably pneumonia in the first three years of life. These chil-
dren are born with smaller-gauge airways than those in normal children. This anatomical alter-
ation occurs with particular frequency in the newborns of young mothers with little education.
There is also a strong relationship between smoking and compromised lung function in the first
few years of life.

The data make clear that children with narrower airways have a greater probability of pre-
senting wheezing in their early years and of developing bacterial pneumonia more easily after
viral episodes due to the blockage of smaller-gauge airways. A reasonable hypothesis, as yet
unproven, is that malnourished children, as in the case of premature babies (or those who are
small for their gestational age), present greater risk of developing severe pneumonia, often
associated with wheezing, due to the smaller congenital gauge of their airways.

IV.  PNEUMONIA IN THE IMMUNOSUPPRESSED HOST

A healthy individual can handle the many pathogens that penetrate the respiratory system.
The term immunocompromised host has been used to designate patients in whom organisms
that would normally present little virulence become life-threatening pathogens. Severe pneu-
monia may develop in patients with certain hereditary conditions (such as hypogammaglobu-
linemia, agammaglobulinemias, chronic granulomatous disease, and AIDS), or even in patients
receiving immunosuppressive pharmacological therapy for underlying diseases.

There is an increased incidence of infection with common bacterial pathogens in these
patients, but they can usually be identified in sputum or blood and treated with broad-spectrum
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antibiotics. Immunocompromised patients are particularly susceptible to opportunistic organ-
isms, which are difficult to isolate and often fail to respond to conventional antibiotic therapy.

The diagnosis and treatment of pulmonary infections in the immunocompromised host is dif-
ferent than in the normal patient. The clinical and radiographic signs may not be specific to a
particular pathology, but there are some indications for diagnosis. Table 1 suggests an
approach for differential diagnosis.

The initial approach to a child with this type of clinical picture is to take specimens of spu-
tum, blood, and nasal mucus for routine bacterial and viral examination. The treatment is gen-
erally empirical and should cover S. aureus and Gram-positive and Gram-negative bacteria.
The selection of antibiotics will change depending on the pattern of susceptibility of the cul-
tured organisms. In general, vancomycin, a third-generation cephalosporin, and an aminogly-
coside are good first choices. When these are unavailable or their cost is prohibitive, chloram-
phenicol is an excellent option. When Pneumocystis carinii is the possible etiological agent,
high doses of trimethoprim-sulfamethoxazole (TMP-SMX) are used. When this approach fails

Table 1. Differential diagnosis of pulmonary infiltrates in the 
immunocompromised patient 

Chest radiological
course

Consolidation

Peribronchial 
infiltrates

Nodular infiltrates

Acute stage

• Bacteria (including Gram-negative
bacilli, Staphylococcus aureus,
anaerobes, and Legionella pneu-
mophila)

• Hemorrhagic thromboembolism
• Pulmonary edema

• Pulmonary edema
• Leukocyte agglutinin reactions

(Bacterial infections by Staphylococcus
aureus, Haemophilus influenzae,
Streptococcus pneumoniae)

• Bacteria
• Pulmonary edema

Subacute/chronic

• Fungi
• Nocardia asteroides
• Mycobacteria
• Tumors
• Virus
• Pneumocystis carinii
• Radiation
• Drugs

• Virus
• Pneumocystis carinii
• Radiation
• Drugs
• Fungi
• Nocardia asteroides
• Mycobacteria
• Tumors

• Tumors
• Fungi
• Nocardia asteroides
• Mycobacteria
• Pneumocystis carinii

Source: Adapted from Respiratory Diseases in Children. Phelan PD, Landau LI, Olinsky A. p. 271.
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invasive procedures are indicated to identify the offending organism (such as transtracheal
aspiration, bronchoscopic aspiration and brushing, thoracoscopy with lung biopsy).
Bronchoalveolar lavage has been very useful for the diagnosis of P. carinii pneumonia and pul-
monary lymphoid hyperplasia in children with AIDS. Although open lung biopsy is the most
invasive diagnostic procedure, it has the highest success rate in identifying the offending
pathogen in other diseases in the immunodeficient child.

The following is more detailed view of some of the most common pathologies that affect the
immunodeficient child.

V.  PNEUMOCYSTIS CARINII PNEUMONIA

It is generally believed that the majority of individuals throughout most of the world are
infected early in life with P. carinii and that these infections are asymptomatic. Residual organ-
isms persist in a latent state, unless the host experiences impairment of the immune system, and
then, especially when there is a serious compromise in cell-mediated immunity, pneumonitis
from P. carinii may occur. Some data suggest that about 50% of children with AIDS acquire P.
carinii pneumonitis (32-34). Other studies have shown that 53% of infants with perinatally
acquired AIDS develop P. carinii pneumonitis during the first year of life (35).

a)  Physiopathology
It has been presumed that P. carinii is acquired through the airborne route. It has been

demonstrated that animal-to-animal transmission occurs, but whether animal-to-human or
human-to-human transmission takes place is not known. Once in the alveolus, the organism
adheres to the epithelial cell surface. Replication occurs in the alveolus. It is generally believed
that normal competent hosts undergo an asymptomatic infection with no signs or symptoms of
illness and that the organism persists indefinitely. If the immune system becomes compromised,
the organism replicates and pneumonitis ensues. 

This microorganism is found in the alveoli within a thick-walled cyst about 5 to 6 mm in
diameter containing up to eight intracystic daughter cells termed sporozoites. Extracystic forms
are also found in abundance in the alveoli of patients with pneumonitis. These are termed
trophozoites and measure 4 to 5 mm in diameter. In vitro culture studies, using the epithelial
lung cells of embryonic chicks, suggest that the trophozoite attaches to the alveolar cell surface
and increases in size as the intracystic daughter cells develop, progressing to the cystic stage
(36). The cyst detaches from the host cell, never having reached an intracytoplasmic stage.
Breaks occur in the cyst wall, and the sporozoites are expelled. After excystation the sporozoite
becomes a trophozoite. In the infantile form of P. carinii pneumonitis, the interstitial septa are
thickened because of lymphocyte and plasma cell infiltration. The alveolar epithelium is hyper-
plastic. The alveolar lumen contains desquamated epithelial cells, P. carinii organisms, a few
neutrophils, many alveolar macrophages, and edema fluid. P. carinii organisms may be found
in both the alveolar lumen and the interstitial space (37).

In children and adults with immunodeficiency disorders, the interstitial component and plas-
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ma cell infiltration may be absent or present only to a limited extent. The pattern in these
patients is an extensive diffuse alveolitis. The extensive alveolar infiltrates and foamy exudate of
the lumen interfere with oxygenation, resulting in severe hypoxemia. Carbon dioxide retention
does not become significant until the patient reaches near-terminal status.

b)  Clinical findings
P. carinii pneumonia is characterized by a tetrad of signs: tachypnea, dyspnea, fever, and

cough. These clinical manifestations occur with P. carinii pneumonitis in infants, children, and
adults with AIDS and non-AIDS immunocompromising diseases. The magnitude of each of these
signs changes from patient to patient. The patients may not be febrile, but all of them will pre-
sent with tachypnea once pneumonitis is evident by radiograph.

The clinical findings of P. carinii pneumonitis have been classified into two clinical types.
The infantile endemic interstitial plasma cell pneumonitis is seen in outbreaks in European
nurseries; the adult-type occurs in immunocompromised hosts with cancer, organ transplants,
congenital or acquired immunodeficiency disorders, and in those using immunosuppressive
therapy. The infantile form is seen in debilitated infants 2 to 6 months of age. The onset of this
type is subtle, with progression of tachypnea, cough, and intercostal retractions over a 1-week
to 1-month interval. Rales are heard bilaterally and fever is usually absent. In the child-adult
type of P. carinii pneumonitis, the onset is abrupt with fever, tachypnea, nasal flaring, and inter-
costal retractions. No rales are heard on auscultation. In some patients, especially those with
AIDS, the clinical manifestations may vary between the child-adult type and the infantile types.

c)  Diagnosis
The chest radiograph reveals bilateral diffuse alveolar infiltrate without hilar adenopathy. The

earliest abnormality is increased haziness in the hilar regions with clear peripheral zones. A vari-
ety of atypical lesions caused by P. carinii have been described, but are uncommon. These
include lobar, miliary, nummular, cavitary, and nodular lesions. Pleural effusion may be seen but
is usually small. With treatment, the radiographs may show gradual clearing of the infiltrates, but
this often does not commence for 2 to 3 weeks and during this time the disease may progress.

During the early days of treatment clinical response is best judged by blood gas studies
(PaO2, alveolar-arterial gradients, PaCO2, and pH). The chest radiograph is less precise in
revealing improvement or worsening in the pneumonitis.

Identification of the organism is essential for diagnosis, but isolation is difficult. It is rarely
possible to identify it in the sputum. It can be collected from secretions or tissue of the lower
respiratory tract. Lung specimens obtained by open lung or transbronchial biopsy provide the
most sensitive and specific findings. However, specimens obtained by bronchoscopy and bron-
choalveolar lavage (BAL) or by procedures to induce sputum are often diagnostic for P. carinii
pneumonitis. Failure to establish a diagnosis by these relatively simple and safe procedures may
lead to use of open-lung biopsy. Specimens should be stained with Gomori-Grocott
methenamine-silver nitrate, Giemsa stain, or toluidine O stain.
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d)  Treatment
Once P. carinii has been established by chest radiography and clinical signs, the outcome is

fatal in approximately 100% of cases, if untreated. Trimethoprim-sulfamethoxazole (TMP-SMX
or cotrimoxazole) is the drug of choice for the treatment of P. carinii pneumonitis. The dosage
is 15-20 mg/kg/day of trimethoprim and 75-100 mg/kg/day of sulfamethoxazole intravenously
divided into three or four doses. In all but the mildest cases the initial doses of the drugs should
be given intravenously. Once the pneumonitis is resolving, TMP-SMX may be administered oral-
ly (20-100 mg/kg/day) in three or four doses for two to three weeks. At the completion of ther-
apy the drugs are reduced to prophylactic doses, which are continued indefinitely.

Bernstein et al.(38) report that of 18 children with AIDS and P. carinii pneumonitis, 60%
(11) required intubation; 7 died during the initial hospitalization, and of the 11 surviving the
episode of pneumonitis, 5 were dead within a year of recovery, the other 6 (55%) recovered
from the first episode of P. carinii pneumonitis within 15 months of the initial illness. This
remarkably high rate of recurrence emphasizes the need for chemoprophylaxis.

Patients who have adverse reactions to TMP-SMX or who do not respond to this drug should
be given pentamidine isethionate intravenously in a single daily dose of 4.0 mg/kg. The dura-
tion of the treatment is the same as for TMP-SMX. For unknown reasons, the adverse reaction
rates to TMP-SMX and pentamidine are higher in patients with AIDS. For patients that cannot
tolerate either drug, experimental drugs are available through investigation centers.

P. carinii pneumonitis can be prevented in high-risk patients by regular administration of
TMP-SMX in the dosage of 5.0 mg of trimethoprim and 25 mg/kg/day of sulfamethoxazole oral-
ly in two divided doses. The prophylaxis is effective when given daily or only three consecutive
days per week. Pentamidine aerosol has been used successfully in adults, but no studies have
been reported in children.

VI.  TUBERCULOSIS AND HIV INFECTION

Tuberculosis is the main infectious cause of death worldwide (39-42). Between 20 and 33%
of the world population is infected and approximately 3 million people die annually from the
disease. The increase in tuberculosis in many areas of the world is superimposed on the emer-
gency of the AIDS epidemic. This spread occurs in Africa, regions of Asia, Central and South
America, and the United States. It is estimated that 100,000 individuals are currently co-infect-
ed with HIV and the tubercle bacillus.

a)  Pathogenesis
Immunity plays a central role in controlling the course of tuberculosis in immunocompetent

individuals. Several Mycobacterium tuberculosis antigens have been detected and cloned.
There are still questions about which antigens and immune responses are essential for pro-
tecting the host. Nevertheless, immunodeficiency resulting from HIV clearly increases suscepti-
bility to tuberculosis.

Pneumonia in the immunocompromised and in the malnourished child
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The development of tuberculosis in patients with HIV may follow three separate patterns:

1. reactivation of a latent infection acquired months or years before either prior to or after
HIV infection took place;

2. immediate progression of the disease due to M. tuberculosis acquired after HIV infection;
3. superinfection with a new strain of the bacillus in patients with prior infection or disease

caused by M. tuberculosis.

b)  Clinical findings
The most notable clinical findings in patients with HIV infection are among a vast spectrum

of clinical manifestations and the considerable frequency of extrapulmonary effects. There is
such a variety of atypical manifestations that M. tuberculosis should be part of the differential
diagnosis of almost any febrile process and an essential consideration when the lung condition
of these patients is evaluated.

c)  Diagnosis
Patients may be asymptomatic with normal chest X-rays even when their sputum and bron-

choscopy samples reveal the presence of M. tuberculosis. Computerized axial tomography
(CAT scan) and magnetic resonance imaging (MRI) may demonstrate lesions that are not
always visible through routine chest X-rays. There is no clear distinction between the clinical
and radiological manifestations in relation to the typical presentations of other common pro-
cesses of P. carinii pneumonia (43, 44). Radiological manifestations may appear as atypical
primary tuberculosis or typical reactivation or there may be no manifestations at all.

The most distinctive findings of tuberculosis are cavitations, hilar adenopathy, or pleural effu-
sions. P. carinii pneumonia, lymphoma, and Kaposi’s sarcoma may also present with these
manifestations, as may cryptococcosis, coccidioidomycosis, or histoplasmosis.

The sputum stains remain the best initial tests for investigating tuberculosis. Fluorescence
microscopy increases the sensitivity of the sputum stains by 15 to 20% as compared to con-
ventional stains; specificity is close to 100%. If no sputum is available or there remains doubt
about the diagnosis, other options are still at hand: gastric aspirates, bronchoalveolar washings,
but in children biopsies are generally not recommended.

M. tuberculosis may also grow in blood cultures. Between three and six weeks are normal-
ly needed to detect any growth. Two new techniques may hasten the process. One is based on
detection of radioactively labeled CO2 by using precursor marked with special media
(BACTEC®). The other technique is a system of lysis by centrifugation that disintegrates the ery-
throcytes in the blood sample, allowing the cultivation of the sediment they leave in the liquid
media. The detection of various antigens or of tuberculostearic acid is done in many laborato-
ries. Polymerase chain reactions are also studied.

Reactions above 5 mm to the purified protein derivative test (PPD) are considered as evi-
dence of tuberculosis infection in the HIV-positive population, and the U.S. Centers for Disease
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Control (CDC) and the American Lung Association recommend that these patients receive iso-
niazid prophylaxis regardless of whether they have received the BCG vaccine. Many studies have
shown that HIV-positive patients have possibly had depressed reactions to tuberculosis tests
prior to the development of HIV-related symptoms. Anergy tests (such as for mumps, tetanus
toxoid, or candidiasis) should be performed in the patients with higher risk of tuberculosis
exposure but whose tuberculin tests are negative.

d) Treatment
The same drugs used to treat HIV-positive adults who have tuberculosis appear to be the most

appropriate ones for children. Every person infected by HIV and exposed to tuberculosis should
be considered a candidate for receiving prophylaxis with isoniazid. Housemates and hospital
roommates of tuberculosis patients as well as other persons with prolonged exposure to infect-
ed persons in enclosed areas are at greater risk of infection than persons briefly exposed to
these patients.

The most common drug therapy for normally immunocompetent individuals consists of iso-
niazid, rifampicin, and pyrazinamide over a two-month period. In HIV-positive patients, the iso-
niazid and rifampicin should be administered for seven months (for a total of nine months) and
at least six months after the negative conversion of the cultures (42, 43). When resistance to
these drugs is suspected, an additional two drugs, to which the microorganisms are suscepti-
ble, should also be indicated. Extrapulmonary tuberculosis should be treated with the same
chemotherapy and for the same time as the pulmonary tuberculosis.

Figure 1 should be used for decision-making in relation to treatment. Table 2 shows the rec-
ommended drug dosage for treating tuberculosis in HIV-positive patients under 12 years of age.

VII.  LYMPHOID INTERSTITIAL PNEUMONITIS (LIP)

A severe parenchymal disease, referred to as LIP, has been associated with human immun-
odeficiency virus (HIV) infection in infants and children. It is the most frequent form of diffuse
pneumonitis in pediatric patients with AIDS (45).

a)  Physiopathology
The cause of LIP is not known, and there is no conclusion that it is an infectious process.

There is evidence that links LIP to HIV and Epstein-Barr virus (EBV), or other opportunistic
organisms. In a study by Rubinstein (46), four of five children with AIDS and LIP were found
to have EBV-specific DNA in lung specimens, as compared to a group of children with AIDS and
P. carinii pneumonitis, in which no EBV-specific DNA was found. The usual histopathologic
appearance is of nodules formed by clusters of mononuclear cells, including lymphocytes and
plasma cells. These lesions are located around the bronchial epithelium and in the adjacent
intra-alveolar septa. In addition, a diffuse lymphocytic interstitial infiltrate is present.
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b)  Clinical findings
The onset is often subtle with a slow progressive course and mild hypoxemia. The patients

are usually afebrile and have generalized lymphadenopathy and enlargement of the salivary
glands. Digital clubbing may be evident. Tachypnea, cough, and chest retractions may or may
not be present. Table 3 compares the clinical findings of P. carinii pneumonitis and LIP.

History of a prior
positive tuberculin

skin test?
NO YES

YES NO

YESNO

Tuberculin skin testing
with PPD*

Tuberculin skin testing with PPD
and 2 other antigens

Anergic?

NO YES

NO YES

Possibly newly
infected

Repeat PPD at 12 weeks;
consider preventive
therapy until then

Active TB?

Probably not
newly infected

Evaluate for 
preventive 

therapy PPD 
(< 5 mm)

High-risk†

contact?

Stop

YES

Start preventive
therapy

Start anti-
TB therapy

High-risk contact or is
there evidence of TB

contagion among other
contacts with compara-

ble exposure?

PPD 
(≥ 5 mm)

Active TB?

Probably newly
infected

NO

Start anti-
TB therapy

Stop Probably newly
infected

YESNO

Source: CDC: MMWR 41 (RR-11): 63, 1992

Start preventive 
therapy

* PPD = purified protein derivative
† Members of the immediate family, close social contacts, or others who shared the same indoor environment with an infectious TB patient for substantial periods

Is contact known or likely to be immunosuppressed?

Figure 1. Estimating the likelihood of new infection with M. tuberculosis and preventive therapy
decision-making for contacts of infectious TB cases
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Table 2. Drug therapy and dosages for children with tuberculosis 
infected by HIV

Frequency of 
administration

Medications

• Isoniazid

• Rifampicin

• Pyrazinamide

• Ethambutol*

• Streptomycin

Daily

Dose per kg of weight and maximal quantity per dose

10 to 20 mg
Max. 300 mg

10 to 20 mg
Max. 600 mg

15 to 30 mg
Max. 2 g

15 to 25 mg
Max. 2.5 g

20 to 30 mg
Max. 1 g

2 times/week

20 to 40 mg
Max. 99 mg

10 to 20 mg
Max. 600 mg

50 to 70 mg
Max. 4 g

50 mg
Max. 2.5 g

25 to 30 mg
Max. 1.5 g

3 times/week

20 to 40 mg
Max. 900 mg

10 to 20 mg
Max. 600 mg

50 to 70 mg
Max. 3 g

25 to 30 mg
Max. 2.5 g

25 to 30 mg
Max. 1 g

Source: Adapted from CDC: Morb Mortal Wkly Rep 42(RR-7):1, 1993. 
* Etambutol generally is not recommended for children whose visual acuity cannot be monitored (younger than 6

years). Nevertheless, it should be considered for all children with microorganisms resistant to other drugs when
sensitivity to etambutol has been proven or is possible. 

c)  Diagnosis
The chest radiograph shows bilateral, diffuse, fine nodular infiltrates, and hilar nodes may

be enlarged. A definitive diagnosis requires histologic examination of a biopsy specimen.

d)  Treatment
There is no specific therapy for LIP. The treatment of AIDS patients with azidothymidine has

been associated with improvement of LIP. Some non-controlled studies suggest that corti-
cotherapy may lead to resolution of LIP (47).

VIII.  TOXOPLASMOSIS

Immunocompromised hosts are susceptible to severe, life-threatening infections caused by
the protozoan Toxoplasma gondii. In most of these infections the disease appears as a necro-
tizing encephalopathy (48).

a)  Physiopathology
The appearance of clinical disease appears to be a recrudescent latent infection. The prima-

ry infection follows the ingestion of cysts from improperly cooked meats. Once the organisms
are released they invade the intestinal epithelium and are spread in the arterial or lymph sys-
tem to many organs, where cysts are formed (49).
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b)  Clinical findings
The symptoms are not specific. Cough, fever, and shortness of breath may be noticed as

symptoms of pulmonary toxoplasmosis. Generalized lymphadenopathy, skin rash, and neuro-
logical signs of encephalitis may coexist with pulmonary lesions.

c)  Diagnosis
The chest radiograph may show diffuse bilateral infiltrates, but lesions may be limited to one

lobe (50). The demonstration of specific immunoglobulin M (IgM) antibodies is useful for
diagnosis of acute infection. A single high titer or a serial two-tube rise in IgM antibody titer is
diagnostic of acute infection. The absence of IgM antibody does not rule out active infection.
The microorganism, taken from tissues or secretions (by bronchoalveolar lavage or open-lung
biopsy), can be stained with hematoxylin/eosin augmented by Giemsa stain.

d)  Treatment 
Once T. gondii is found in an immunocompromised patient, it must be searched out in other

organs, especially the brain. The drug combination of pyrimethamine and a sulfonamide is the
treatment of choice. The combination of clindamycin and pyrimethamine has shown some
promise, but needs further study. Unfortunately, the outcome is usually fatal.

IX. VIRAL PNEUMONIA

Many viruses that cause little harm to a normal host can lead to devastating pneumonia in the
immunocompromised patient. The most common ones are: measles, cytomegalovirus, rubella,
herpes simplex, and respiratory syncytial viruses.

a)  Giant cell pneumonia
This pneumonia occurs mainly in patients with immunodeficiencies or in children using

cytotoxic drugs because of neoplastic disorders. Debilitating conditions such as cystic fibrosis
may occasionally be a predisposing factor for giant cell pneumonia.

Although it is considered to be a complication following an initial measles virus infection, not all
patients develop a classic measles clinical picture. There may be no rash and if present, it is usu-
ally atypical. Some other causes have been suggested, such as parainfluenza viral infection (51).

a.1) Pathophysiology
The characteristic changes in the lung include very little air-containing lung tissue.

Microscopically, the alveolar spaces are filled with inflammatory exudate and the alveolar
walls are thickened and infiltrated with inflammatory cells. The most typical feature is
giant cell transformation of the alveolar lining cells. The giant cells contain both intranu-
clear and intracytoplasmic inclusions, composed of viral filaments. A common but less
constant feature is squamous metaplasia of the bronchial and bronchial epithelium.



a.2) Clinical findings
The disease begins with cough, high fever, and tachycardia, three to four weeks after

exposure to measles. An atypical rash may appear a week before the respiratory symp-
toms develop. Most patients have a high fever that can last two to ten weeks and is
unaffected by any therapy. Tachypnea develops very early and becomes very marked
prior to death. Fine crackles can initially be heard over the lung bases, and as the dis-
ease progresses through the thorax the crackles disseminate. The progression of the
disease leads to cyanosis even with oxygenation.

a.3) Diagnosis
Chest radiographs show widespread coarse nodular pulmonary infiltrates quite differ-

ent from the uniform opacity seen in pneumocystis pneumonia. In the early stages the
radiological changes are more pronounced than the findings from clinical examination.

Culture of measles virus, especially if accompanied by poor antibody response, con-
firms the diagnosis. In most patients the diagnosis is made at autopsy and confirma-
tion must rely on histology, immunofluorescence, and virus culture from the lung.

a.4) Treatment
Most patients with giant cell pneumonia die, although many patients diagnosed with

post-measles pneumonia survive. Susceptible patients should be given a high dose of
measles-immune globulin soon after exposure. Convalescent serum and cellular infu-
sions may also be useful. The role of steroids and antiviral agents is still uncertain.

b) Cytomegalovirus (CMV) pneumonia 
CMV pneumonia can occur in almost any disease or therapy causing immunosuppression,

but it occurs more commonly in patients receiving allogeneic bone marrow transplants for
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Table 3. Comparison of clinical findings between lymphoid interstitial pneumonitis (LIP) and
that caused by P. carinii (in %)

Clinical findings P. carinii LIP
(N = 8) (N = 11)

Cough 38 100
Tachypnea 100 9
Fever 100 9
Digital clubbing 0 100
Salivary gland enlargement 0 100
Generalized lymphadenopathy 0 100
Nodular pattern on radiograph 0 100

Source: Modified from Rubinstein et al. (46).
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leukemia or other malignancies; the incidence rate is 15%. Once CMV is clinically evident,
lethality is 85%.

b.1) Physiopathology
CMV pneumonia occurs as part of a systemic infection from the virus. Studies on the

molecular epidemiologic characteristics of CMV infection suggest that at least some of
the infections that occur after bone marrow transplantation may be caused by strains
that had previously been present (52). The virus can also be transmitted through
transfusion of blood products to seronegative transplant recipients. CMV often causes
enlargement of infected cells with intranuclear inclusions similar to those of other
herpesvirus infections.

b.2) Clinical findings
Systemic CMV infection often presents with an infection syndrome similar to

mononucleosis with fever, subclinical hepatitis, splenomegaly, and lymphocytosis, with
atypical lymphocytes. Tachypnea and signs of respiratory distress emerge as pneu-
monitis occurs. In some cases, the clinical findings of pneumonitis can be the sole evi-
dence of CMV infection.

b.3) Diagnosis
Chest radiographs show bilateral diffuse interstitial infiltrates without specific signs

differentiating CMV pneumonitis from other types of pneumonia in the immunocom-
promised host. The positive finding of CMV antibody serology establishes the diagno-
sis of CMV infection, but does not prove that a concomitant pneumonitis is caused by
CMV. The diagnosis is difficult because subclinical CMV infection is present in most
immunocompromised patients. The definitive diagnosis is usually made from a biop-
sy of the lung parenchyma.

b.4) Treatment
No drug has shown great efficacy against CMV infection. However, ganciclovir, an

acyclovir analog, presents activity against CMV (53). The drug has been effective in
preventing CMV pneumonitis in bone marrow transplant recipients under controlled
conditions. When transfusions of blood or blood products are needed for transplant
recipients, CMV antibody-negative blood or freezing and thawing of deglycerolized red
blood cells may aid in the prevention of transmission.

c) Varicella-zoster virus pneumonitis
The dissemination of varicella-zoster and consequent pneumonitis is the most feared com-

plication of this infection in immunosuppressed patients. For example, of children with cancer



who acquire varicella, approximately one-third will progress to disseminated systemic varicel-
la, with an overall mortality rate of 7%. Feldman et al. (54) found that all deaths in their study
were related to varicella pneumonitis.

c.1) Physiopathology
Lung pathology ranges from focal necrosis to diffuse consolidation. Pneumonitis is

accompanied by cellular infiltrates, fibrin and hyaline membranes in alveolar spaces,
as well as focal areas of interstitial necrosis. Intranuclear inclusions are present in
alveolar lining cells. Pulmonary lesions resemble the pox-like lesions seen on the skin.
There is usually extensive involvement of the trachea and larger bronchi.

c.2) Clinical findings
Usually the pneumonitis occurs while the varicella or zoster rash is erupting. Rarely,

if ever, does the pneumonitis occur before or in the absence of the cutaneous rash.
Cough and tachypnea are early signs, but respiratory distress becomes more pro-
nounced as the disease progresses. Varicella in the immunosuppressed host is often
complicated with secondary bacterial infection, the most common pathogen being
Staphylococcus aureus.

c.3) Diagnosis
Chest radiographs may range from the bilateral nodular infiltrates with apical spar-

ing to widespread consolidation. These findings plus the typical skin lesions of vari-
cella are enough to establish the diagnosis.

c.4) Treatment
Acyclovir is the drug of choice for treatment of varicella and zoster. The treatment

should be started as soon as possible in immunosuppressed patients. It is uncommon
for patients to develop pneumonitis when treatment is started before the lungs are
affected. The dosage for acyclovir administration is 30 mg/kg/day, every 8 hours for
seven days or for two days after the last appearance of new skin lesions, whichever is
longer. Immunosuppressed patients who are susceptible to varicella-zoster infection
should be given specific immunoglobulin within three days of exposure. Live, attenu-
ated varicella-zoster virus vaccine (54) was approved by the U.S. Food and Drug
Administration in March 1995 and has been marketed since May 1995 by Merck,
Sharpe & Dohme under the brand name Varivax.3

d) Respiratory syncytial virus (RSV) 
Immunocompromised children have more severe RSV disease, with pneumonia occurring at

all ages and a high mortality rate. These children have more severe lung disease and more pro-
longed virus excretion. Patients with T lymphocyte deficiencies seem to be especially susceptible.
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3 Morbid Mortal Wkly Rep, April 7/95, 44:13-264.
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d.1) Physiopathology
In reports of severe RSV infections authors have described extensive pulmonary

involvement or giant cell pneumonia with prolonged virus shedding for as long as 100
days. Underlying diseases include AIDS resulting from HIV-1, severe combined
immunodeficiency syndromes, malignancy, and host-versus-graft reaction.

d.2) Clinical findings
There is no definitive clinical picture for RSV disease. Fever, dyspnea, wheezing,

cough, and tachypnea may occur during its course.

d.3) Diagnosis
The virus can be isolated from nasal washings. An early diagnosis may be made

using immunofluorescence to identify the viral antigen. ELISA and RIA (radioim-
munoassay) methods are also useful.

d.4) Treatment
Ribavirin is the only available drug to be used in RSV infection in these patients. It

is used in aerosol form in the same manner as for RSV bronchiolitis (55).
Immunocompromised children should be protected from possible nosocomial infec-
tion when hospitalized; infected patients should be placed in isolation during the
infectious period.

X.  FUNGAL PNEUMONIAS

a)  Pulmonary candidiasis
This is the most common fungal infection in immunocompromised patients. Candida albi-

cans is found in the mouth and gastrointestinal tract and may become invasive with impairment
of host defenses.

a.1) Physiopathology
Pulmonary infection may result from hematogenous or direct invasion of the bron-

chopulmonary tree. The patients are often neutropenic or receiving broad-spectrum
antibiotics. Bacterial and viral infections are often concomitant. Histologically, pseu-
dohyphae forms of Candida species invade alveoli and capillaries and may progress
by direct invasion.

a.2) Clinical findings
Fever may be the only sign to present in an immunocompromised host with or with-
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out respiratory symptoms. Cough and tachypnea may occur in patients with extensive
pneumonitis.

a.3) Diagnosis
Clinical and radiological changes may be minimal, they are nonspecific, and the

nature of the disease is usually not recognized until autopsy. Chest radiographs in
patients with widespread pneumonia show generalized patchy soft infiltrates. The cul-
ture of C. albicans from blood is very suggestive of generalized candidiasis, but culture
from the throat swab or sputum does not establish a diagnosis of pulmonary disease,
and a negative blood culture does not exclude the diagnosis. Lung biopsy or needle
aspiration of alveolar fluid are better diagnostic methods. Serologic tests for antigen
and antibody are not sufficiently sensitive and specific for solid diagnosis confirmation.

a.4) Treatment
A combination of amphotericin B and flucytosine is the best choice for effective

treatment of pulmonary candidiasis. Amphotericin on its own is the essential compo-
nent of therapy. Daily intravenous doses of 0.5 mg/kg of amphotericin B and 150
mg/kg/day daily oral doses of flucytosine are usual. Ketoconazole is a less effective
alternative. Fluconazole is a new drug that has been successful in some patients with
systemic candidiasis (56) but has not been evaluated in pulmonary disease.

b)  Pulmonary aspergillosis
Aspergillus species such as Aspergillus fumigatus, A. flavus, and A. niger are common

pathogens in the hospital environment and other sites and cause pulmonary mycotic infection.

b.1) Physiopathology
Aspergillus spores are inhaled and cause pulmonary infection in immunocompro-

mised patients. Infections can be associated with direct invasion from the respiratory
airway or from hematogenous dissemination to alveolar capillaries. The septate hyphae
invade the alveolus and initiate a necrotizing or hemorrhagic pneumonic infiltrate.

b.2) Clinical findings
Fever may be the only sign presented. Cough, tachypnea, chest pain, and hemopty-

sis may also occur but with no characteristic pattern. Severe neutropenia is often a
predisposing factor.

b.3) Diagnosis
Chest radiographs may reveal a fairly typical aspergilloma, which represents an area

of consolidation with a central clearing. More common, however, is the typical non-
specific nodular or lobar lesion. The open-lung biopsy is the most sensitive method
for diagnosis. Isolation of Aspergillus species from the tracheobronchial airway or the



nares provides strong evidence for diagnosis if the clinical picture is suggestive of
aspergillosis. 

b.4) Treatment
Amphotericin B is the drug of choice. Starting intravenous dose at 0.25 mg/kg/day,

increasing to a maintenance dose of 1.0 mg/kg/day for four to six weeks. 
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Figure 2.  Management plan for pneumonia in the immunocompromised patient
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