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Clinical Problem
A 2 year 9 month old male suffering from STAT1 gain 
of function mutation on whole exome sequencing 
diagnosed at the age of 6 months in view of recurrent 
pneumonia presented to us with fever and cough for 
15 days. There was no exposure to a patient with 
tuberculosis. The child was on baricitinib for past 2 
years. He was also on fluconazole prophylaxis for initial 
6 months and then oral voriconazole for 6 months for 
fungal prophylaxis but was off antifungal for the past 
6 months. On presentation, the child weighed 9.6 kg 
[weight for age <3rd centile as per Indian Academy 
of Pediatrics (IAP) growth chart], height was 88 cm 
(length for age 3rd to 50th centile as per IAP growth 
chart), heart rate was 130/min, respiratory rate was 
42/min with mild respiratory distress and subcostal 
retractions. Oxygen saturation was 88 % on room air. 
Other general examination was normal. On respiratory 
system examination, there were bilateral crepts in 
mammary and axillary regions on auscultation. Other 
systemic examination was normal. Child was started on 
supportive treatment with intravenous fluids, oxygen 
by nasal prongs, broad spectrum antibiotics (injectable 
meropenem at 20 mg/kg/dose 8 hourly and vancomycin 
at 15 mg/kg/dose 8 hourly) with antifungal (Injectable 
fluconazole at 12 mg/kg/dose once a day) and 
baricitinib was stopped. Investigations are depicted in 
Table 1. Chest X-ray had right lower zone inhomogenous 
opacification with cavity with infiltrates in bilateral lungs 
as shown in Figure 1. HRCT chest showed necrotising 
pneumonia with large irregular air filled cavitatory 
lesion and multiple necrotic foci in the right lower lobe 
along, similar area of consolidation and necrosis in 
the right middle lobe, nodular infiltrates in both lungs 
with subsegmental areas of consolidation in the left 
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lower lobe. Gastric lavage (GL) Xpert Mtb/Rif assay 
detected mycobacterium tuberculosis with no rifampicin 
resistance. Antituberculous therapy (ATT) consisting of 

Figure 1. Chest X-ray showing lower zone inhomogenous 
opacification with cavity with infiltrates in bilateral 
lungs.

Figure 2. Repeat CXR after 1 month showing 
improvement.
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isoniazid (H) (8 mg/kg/day), rifampicin (R) (20 mg/kg/
day), pyrazinamide (Z) (35 mg/kg/day), ethambutol 
(E) (25 mg/kg/day) was started. Bronchoalveolar 
lavage (BAL) fungal culture grew Candida tropicalis 
resistant to fluconazole and voriconazole and sensitive 
to amphotericin B, caspofungin and micafungin. Hence 

Table 1. Serial laboratory parameters of the patient.

Laboratory 
parameter

Day of 
presentation

Day 5 Day 9 Day 11 Day 16 Day 18 Day 21

Hemoglobin (g/dL) 9.9

      

Total leucocyte count 
(cells/cumm)

11,480

Absolute neutrophil 
count (cells/cumm)

9115

Absolute lymphocyte 
count (per cu.mm)

1572

Platelet count (cells/
cumm)

3,06,000

C-reactive protein 
(g/L)

166 87   5   

Blood culture Negative   Negative    

Xpert Mtb/Rif (Gastric 
lavage)

M.tb detected very 
low, rif resistance 

not detected

      

BAL Multiplex PCR   Adenovirus 
detected

    

Whole blood CMV 
Quantitative PCR

  8564 
copies/ml 

Log10 
value 3.93

   Below 
limit of 

detection

BAL Quantitative CMV 
PCR

  103695 
copies/ml 

Log10 
value 5.01

    

BAL gram stain   Few pus 
cells

    

BAL KOH mount   Negative     

BAL bacterial culture   Strepto-
coccus 

sanguinis

    

BAL fungal culture   Candida 
tropicalis 
(colony 
count of 

<103 cfu/
ml)

    

Throat swab for 
influenza

     Influenza 
A: 

detected 
H3N2: 

detected 
H1N1: 

not 
detected 
Influenza 

B: not 
detected

 

Liposomal Amphotericin B was started at 3 mg/kg/day 
and fluconazole was stopped. Blood culture did not 
grow any organism. Ultrasound abdomen was normal. 
BAL and whole blood cytomegalovirus (CMV) PCR was 
positive hence oral valganciclovir (520 mg/sqm/day) 
was added. BAL multiplex PCR showed adenovirus for 
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which the child was given intravenous immunoglobulin 
(IVIG) at dose of 400 mg/kg. Child became afebrile for 
48 hours, but again started developing new onset fever 
spikes with aggravation of cough. Throat swab showed 
presence of influenza A and H3N2 on PCR for which 
oseltamivir (3mg/kg/dose 12 hourly for 10 days) was 
added. Child became afebrile after 72 hours and oxygen 
saturation was maintained on room air. Blood CMV PCR 
was negative after 2 weeks of therapy. After 14 days of 
Inj amphotericin B, posaconazole was added at dose of 
6 mg/kg/dose 8 hourly. Child was shifted to Rifampicin 
devoid regimen of ATT and ofloxacin was added and 
HZE was continued. Amphotericin B was stopped after 
21 days and posaconazole trough levels were sent. 
Posaconazole trough levels were <0.1, hence dose 
was increased by 25% and advised to repeat trough 
levels after 1 week. Repeat Chest Xray after 3 weeks 
showed some improvement as shown in Figure 2. He 
was discharged after 40 days of hospitalization on H, Z, 
E, ofloxacin, valganciclovir, posaconazole, pyridoxine.

How should patients with polymicrobial infections in 
immunocompromised patients be treated?

Discussion:
Signal transducer and activator of transcription 
1, commonly known as STAT1, holds significant 
importance within the STAT family. It plays a crucial 
role in governing various cellular processes such as 
growth, differentiation, proliferation, metabolism 
and programmed cell death by engaging the JAK-
STAT pathway.1,2,3 initial reports documented the 
occurrence of germline STAT1 Loss of Function (LOF) 
mutations associated with Mendelian susceptibility 
to mycobacterial disease (MSMD) and STAT1 Gain 
of Function (GOF) mutations linked to chronic 
mucocutaneous candidiasis (CMC). Subsequent research 
has affirmed that both STAT1-GOF and LOF germline 
mutations lead to immune deficiency and immune 
dysregulation, manifesting a broad range of clinical 
manifestations. The patient under our consideration 
was found to have a STAT1 GOF mutation.4,5,6 
STAT1 Gain of Function (GOF) mutations can lead to 
a diverse spectrum of manifestations, encompassing 
mucocutaneous fungal infections resulting from 
Candida albicans, along with ear, nose and throat 
(ENT) infections, as well as lower respiratory infections 
provoked by Streptococcus species, Staphylococcus 
aureus and Pseudomonas aeruginosa.7 Our patient had 
a prior medical history of recurring oral candidiasis, 
which required voriconazole prophylaxis. He was also on 
baricitinib (JAK inhibitor). Inspite of this, he presented 
with a wide range of infections which posed a significant 
management challenge. As per literature, management 
of patients with severe infectious and autoimmune 
symptoms stemming from STAT1-GOF mutations 
primarily involve hematopoietic stem cell transplantation 
and/or the administration of oral JAK inhibitors.8 
We adopted targeted treatment strategy to address 
the various infections. Extensive screening was 
conducted to identify the specific infections, leading 
to a treatment plan that encompassed the use of ATT 
with H, Z, E ofloxacin for TB, Liposomal Amphotericin 

B and posaconazole to combat pulmonary candidiasis 
oral valganciclovir for CMV, intravenous immunoglobulin 
(IVIG) for adenovirus and oseltamivir to manage 
influenza A and H3N2. We preferred to give IVIG instead 
of cidofovir for adenovirus infection inspite of it being 
recognised for use in immunocompromised state because 
of its drug interaction with amphotericin B leading to 
side effects like nephrotoxicity and ototoxicity.9,10 
Candida spp are considered a part of the normal 
microflora of the skin oral cavity, gastrointestinal 
mucosa, respiratory tract and genitourinary 
tract.11 It is not possible to distinguish between 
commensal, colonizer and true candida infection. 
In immunocompromised patients, candida might be 
isolated from respiratory specimens such as sputum 
and BAL, but it should be interpreted with caution. 
The true incidence of Candida spp pneumonia ranges 
from 0.23% to 0.4%.12,13 The diagnosis of Candida spp 
pneumonia is difficult due to the nonspecific clinical 
and radiological features and the lack of specific 
biomarkers which necessitates the histopathological 
demonstration of the organism for confirmation of 
diagnosis. Colonization of the respiratory epithelium by 
Candida species is a prerequisite of invasive infections. 
The predominant risk factors for invasive candidiasis 
are immunocompromised host, repeated use of broad-
spectrum antibiotics, severe neutropenia, chemotherapy-
induced mucositis and prolonged hospital stay.14,15 
The treatment of candida in BAL fluid is largely 
controversial. In our case we decide to treat the candida 
tropicalis isolate, as child was suffering from STAT1 
mutation which made him prone to mucocutaneous 
candidiasis. In our case, Candida drug susceptibility 
testing was done by vitek automated system, which 
showed resistance to fluconazole and voriconazole. 
Posaconazole MIC was 0.50 mcg/ml, however 
guidelines are not defined for interpretation. We started 
posaconazole at 18 mg/kg/day in 3 divided doses as 
oral suspension.16 Since posaconazole interacts with 
rifampicin17, the latter was stopped and ATT was shifted 
to HZE and ofloxacin. Oral valganciclovir for CMV and 
oseltamivir to manage influenza A is also indicated for 
use in immunocompromised children.18,19 Hence while 
treating polymicrobial infection, it’s important to keep 
drug interactions in mind. On follow up, posaconazole 
trough levels were obtained which were <0.1 which 
is below the recommended range of 1 mcg/ml for 
treatment hence dose was increased and child was 
asked to follow up after 1 week with repeat levels.16
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