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Immunocompromised child

• Primary immunodeficiency: Congenital

• Secondary immunodeficiency:
– Malignancy and chemotherapy

– Transplant

– Steroids

– Splenectomy

– HIV/ AIDS

– Biologic response modifiers (BRMs)
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Case 1
3 year old Indian boy

Admitted for:

-cough x 3 wk (mild / productive)

-runny nose x 3 wk

-fever x 1 wk, T max 38.5 0 C

No recent travel or contact history. 

1 admission in India at 2 yrs old for pneumonia, treated with a 5 day course of IV 

antibiotics. No intubation required. 

Wheezing and short of breath at 6 months of age. Given nebuliser. Told to have 

? lactose intolerance. Changed to soy formula - no further wheezing noted. 

Came to Singapore past 6 months and started on Nespray milk - developed 

frequent stools (4x / day)with abdominal pain. BO watery- loose, no blood. 

Diagnosed to have lactose intolerance and changed to soy formula but patient 

refused. Very picky eater. 



• Significant Physical Findings

• Afebrile, weight 11.4 kg.

• B.P: 95/55 mm Hg, HR 160 /minute. RR 45-60/minute. 

• Sp02: 98-100%

• Heart: S1S2

• Lungs: subcostal retractions. Breath sounds equal bilaterally 
with occasional bilateral coarse crepitations. 

• Abdo: soft and non tender. Liver 1 spleen 1 cm, kidney 0

• Tone normal, reflexes 2+/ bilateral, plantar down bilateral, no 
clonus

• What is your diagnosis and differential diagnoses?

• What investigations would you perform?



How would you manage him?



FBC: Hb 12, tw 6.3, plt 503. P 25%, L 64%

U/E : U 1.9, Cr 34, Na 134, K 4.1, HCO3 24, Cl 102

CRP < 5, LFT : TP 61, alb 28, bil 7, ALT 10, AST 24, ALP 88

Blood culture neg, Mycoplasma serology negative
Blood CMV PCR negative
BAL: culture: P. aeruginosa 2 +, CMV PCR positive, neg for respi viruses

fungal stain negative for Pneumocystis jiroveci, galactomannan negative, 

AFB smear negative, TB PCR negative, AFB culture and fungal culture 

pending, cytology pending

Stool tests neg for OCP, c/s
Urine neg FEME, c/s 

How would you manage him?
Any other investigations? 



Serum Immunoglobulins: 

IgM 9.06 g/l (0.37- 1.79)

IgA <0.25 g/l (0.25- 0.62)

IgE <18 iu/ml (18- 100)

IgG <1.4 g/l (5.02- 18.1)

Flow cytometry for CD40 ligand on 8/1/04  - nil detected 

CD3 54% ( normal 56-68%), CD56 3% ( 9-19%), CD20 36% ( 18.5-28%).

CD 4 (absolute) 2278 (342-929 cells/uL)

CD 8 (absolute) 953 (103-717 cells/uL)

T cell CD 8 blood 18.7 (11.3-29.3%)

T cell CD 4 blood 44.7 (22.6-41.3%)

CD 4/CD 8 ratio 2.4 (1-2.2)

HIV Ab screen - non-reactive

What is your diagnosis and further management?

HyperIgM disease

CMV pneumonitis, P. aeruginosa pneumonia- IV ganciclovir, IV ceftazidime, 

BMT



Pathogens in immunocompetent patients

McIntosh K, N Engl J Med 2002, 346: 429-437

Age Organisms Salient clinical features

Birth to 20 days GBS
Gram negative enteric
CMV
Listeria

Early-onset, very severe, bilateral diffuse
Nosocomial
Part of systemic CMV
Early-onset sepsis

3 wk- 3 mths Chlamydia trachomatis
RSV
Parainfluenza 3
S. pneumoniae
B. pertussis
S. aureus

Afebrile, subacute interstitial
Peak 2-7 mths, R/N profuse, wheeze
Similar to RSV
Most common cause of bact. Pneumonia
Facial congestion, apnoea, cyanosis
Less common

4 mth- 4 yrs RSV, parainfluenza, influenza, adenovirus
S. pneumonia
H. influenzae
Mycoplasma pneumoniae
M. tuberculosis

Most common cause of pneumonia
Most likely cause of lobar/ segmental 
Non-type b
Subacute, walking pneumonia
Chronic cough/ fever and positive contact

5-15 yrs Mycoplasma pneumoniae
Chlamydophila pneumoniae
S. pneumoniae
M. tuberculosis

Most common cause of pneumonia
Controversial
Most likely cause of lobar pneumonia
Chronic cough/ fever and positive contact



Pathogens by Immunological defect

Peck KR, Precision and Future Medicine 2018;2(3):95-108



Pathogens by phase of Stem cell transplant

Peck KR, Precision and Future Medicine 2018;2(3):95-108



BRM
Biologic 

Response

Modifier

Principles of Paediatric Infectious Diseases 2018, Sarah Long. Chapter 107



Biologic Response Modifiers
• Cytokines that are targeted include tumor necrosis factor α; 

interleukins (ILs) 6, 12, and 23; and the receptors for IL-1α (IL-1A) 
and IL-1β (IL-1B) as well as other molecules. 

• Higher risk of infection or reactivation with mycobacterial infections
– TB and nontuberculous mycobacteria 

– TNF antibodies (e.g., infliximab and adalimumab) associated with the 
highest risk, and soluble TNF receptor antibodies (e.g., etanercept) appear 
to have the lowest risk

• Viral : VZ, HSV, EBV, hepatitis B

• Fungal : PJP, histoplasmosis infections
– Rituximab (which depletes B lymphocytes that are crucial to control P. 

jirovecii) particularly is associated with ↑ risk for PCP. No clear benefit of 
screening for PCP or of chemoprophylaxis for PCP in patients receiving 
rituximab.



Algorithm for 

Pneumonia in 

Immunocom-

promised

Principles of Paediatric Infectious Diseases 2018, Sarah Long, Chapter 36
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Principles of Paediatric Infectious Diseases 2018, Sarah Long, Chapter 36
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Case 2

13 yr old girl

ITP diagnosed 8 mths ago had pulse methlyprednisolone, rituximab, 

prednisolone 30 mg BD x 1 wk then 20 mg BD x 1 wk

Fever x 2 days, SOB x 2 days with chest tightness, dry cough x 5 days.

Physical Examination: 

RR 55 /min,  SpO2 88%, HR 110/min, BP 90/56

H/L basal crepitations, no rhonchi

Abd soft nontender no masses

Scattered petechiae. Cervical lymph nodes 0.5-0.8 cm



FBC: Hb 15.7, tw 4.7, plt 10

Interpret CXR

What is your diagnosis? What further investigations would you do? 



CT thorax

What is your interpretation of the CT scan?



What other investigations do you want to order?

How would you manage the patient?



• BAL

– Bacteria culture negative

– Respiratory Multiplex PCR -ve,

– Pneumocystis jirovecii positive, fungal c/s pending, fungal smear -

ve, 

– AFB smear -ve, AFB culture pending, TB PCR negative

– CMV PCR +ve log 3.1

– Galactomannan 0.13 ( negative) 

• Hb 12.7, TWC 3.4, Plt 25, Neut 78%, Lymp 13%

• Blood CMV PCR undetectable

How would you manage her ? 



What is your management?

Complete IV bactrim x 2 wks then PO, 

IV ganciclovir x 2 wks, then PO

Stop Clarithromycin if negative for mycoplasma, 

complete 2 wks Augmentin

Tail down hydrocortisone

Wean respiratory support

Support plt via IVIG
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PJP difference between HIV negative and positive

Cordonnier C, J Antimicrob Chemother 2016; 71: 2379–2385



23

XR patterns and pathogens in immunocompromised

Principles of Paediatric Infectious Diseases 2018, Sarah Long, Chapter 36
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Eslamy HK, Radiol Clin N Am 49 (2011) 895–920
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Eslamy HK, Radiol Clin N Am 49 (2011) 895–920
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Eslamy HK, Radiol Clin N Am 49 (2011) 895–920



Diagnostic work-up

• Nasopharyngeal swab for multiplex PCR: Influenza A, B viruses, Parainfluenza 1, 2, 3, 4 

viruses, Adenovirus, Respiratory syncytial virus, Human coronavirus, Rhinovirus/Enterovirus, Human metapneumovirus, 

Bordetella pertussis, Mycoplasma pneumoniae, Chlamydophila pneumoniae.

• Blood cultures

• Blood for galactomannan, Cryptococcal antigen

• Blood for CMV PCR

• Bronchoalveolar lavage for : Gram stain, culture, fungus smear/culture, 

PJP ( Pneumocystis jiroveci/ carinii) stain/ PCR, galactomannan, 

Aspergillus PCR, AFB smear, AFB culture, TB PCR, CMV PCR, Multiplex 

PCR

• ± Mycoplasma serology, urine Legionella antigen/ BAL for Legionella IF 
antigen

• ± Blood Melioidosis PCR



Case 3: Mediastinal mass

TW 0.1 CRP 239.8 procal 0.51 ESR 131, Blood negative for Cryptococcus antigen , Histoplasma Ab, 

galactomannan negative, blood culture, TB Quantiferon indeterminate

BAL positive for hyphae, non-septated, 90 degree branching suggestive of Rhizopus.

BAL negative for Aspergillus PCR, PCP Stain and PCP PCR neg, TB PCR neg, fungal cs, fluid cs, fungal 

smear, AFB cs, AFB smear neg, TB PCR neg, galactomannan antigen 0.85



CTscan of thorax

Mass in the right upper lobe ,  interim cavitation and anterior chest wall invasion. 
There is also a new cavitating nodule in the right lower lobe



Lichtheimia hyalospora R lung cavitary nodule 

s/p right upper and middle lobectomy



BAL results in Israel

2006 to 2014

117 pats in Heme-

Onco underwent 

BAL.

47% (55/117) 

positive pathogen 

by BAL.

Treatment was 

changed in 63% of 

patients following 

BAL results : 

73% when BAL

result positive, 

56% if negative .

Rizik S, J Pediatr Hematol Oncol 2018



Aetiology of CAP in immunocompromised

Di Pasquale M ; Clin Infect Dis 2018 DOI: 10.1093/cid/ciy723



Prevalence of immunocompromising risk factor

Di Pasquale M ; Clin Infect Dis 2018 DOI: 10.1093/cid/ciy723
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Pathogens
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Pathogen and risk factors

Di Pasquale M ; Clin Infect Dis 2018 DOI: 10.1093/cid/ciy723



Empiric antimicrobials After BAL

• IV antibiotics: Piperacillin- tazobactam OR Ceftazidime + Cloxacillin

– IV Bactrim for PJP ( 20 mg/kg/day of TMP component divided 

q6H)

• Antivirals: Oseltamivir for influenza , IV Ganciclovir for CMV

• Antifungals: IV Voriconazole if suspect Aspergillosis



Targeted Antimicrobials: Anti-Bacterials
• Pneumococcus: 

• MIC ≤ 2 µg/mL: Ampicillin ( 200 mg/kg/day, if complicated 300 mg/kg/day). 

– PO amoxicillin (90 mg/kg/day in 2-3 doses)

• MICs ≥4.0 µg/mL : Ceftriaxone 100 mg/kg/day -> PO Levofloxacin

• S. aureus: 

– MSSA : IV Cloxacillin 200 mg/kg/day or IV Cefazolin 150 mg/kg/day-> PO 

cephalexin  75-100 mg/kg/day divided 3-4 doses 

– MRSA : Vancomycin (40–60 mg/kg/day every 6–8 hours or IV Clindamycin 

(40 mg/kg/day Q 6–8 hours,  if sensitive)-> oral clindamycin (30–40 

mg/kg/day in 3 or 4 doses)

• Streptococcus pyogenes: Ampicillin ( 200 mg/kg/day)

– PO Amoxycillin 50-75 mg/kg/day divided in 2-3 doses

• P. aeruginosa : Ceftazidime/ piperacillin- tazobactam, (ciprofloxacin)



• Cytomegalovirus : IV Ganciclovir 5 mg/kg/dose q 12H or 

Valganciclovir x 3 wks ( 16 mg/kg/dose q12h)

• Influenza: Oseltamivir: 5 days  (10 days if ICU)

• Adenovirus: IV Cidofovir 5 mg/kg once wkly x 2, then 

alternate wk x 1-2 doses

– Need prehydration and probenecid

• RSV: PO Ribavirin 20-25mg/kg/day Q8-12H 

Targeted Antimicrobials: Anti-Virals



Targeted Antimicrobials: Anti-FUNGALs
• Aspergillosis: IV/ PO voriconazole x 6 wk minimum, Check trough levels- target 1-5.5 

µg/ml

• IV: < 12 yr old or 12-14yr old and < 50 kg: 9 mg/kg /dose q12H  x 2 doses, then 8 

mg/kg/dose q 12H

12-14 yr old and > 50 kg or > 15yr old: load 6 mg/kg/dose q12H x 2 doses, then 4

mg/kg/dose q 12H

PO: < 12 yr or 12-14 yr old and < 50 kg: 9 mg/kg/dose q 12H

12-14 yr old and > 50 kg or > 15 yrs old: 400 mg q 12H x 2 doses then 200 mg q12H

– Alternative: IV liposomal Amphotericin 3 - 5 mg/kg/day

• Candidiasis : IV Micafungin 2 mg/kg OD ( max 200 mg) or other echinocandin or 

fluconazole 10 mg/kg OD ( if sensitive)

• Pneumocystic jiroveci: IV Bactrim 20 mg/kg/day of TMP component divided q6H

– Add steroids if moderate/ severe disease



Non- Infectious Causes of Pneumonitis in 

Stem cell transplant

• Pulmonary damage by Radiation exposure

• Pulmonary damage by chemotherapy e.g. Bleomycin

• Underlying cancer

• Pulmonary oedema

• Alveolar hemorrhage

• Idiopathic Interstitial pneumonia

• Pulmonary vascular disease

Principles of Paediatric Infectious Diseases 2018, Sarah Long, Chapters 96.
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CXR and Infectious vs non-infectious causes

Principles of Paediatric Infectious Diseases 2018, Sarah Long, Chapters 98.



Conclusions

• Almost all 
immunocompromised 
hosts require a BAL

• Look for multiple 
pathogens: virus, 
bacteria, fungus

• Start empiric anti-
microbials, then target 
organisms identified


