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IMMUNOCOMPROMISED PATIENTS -SUBGROUPS 

1) Solid organ transplant recipients

2) Hematopoietic cell transplant recipients

3) Human immunodeficiency virus

4) Patient with Immunomodulating drugs/ chemotherapy 



QUESTION 1

How to diagnose ?

CMV infection vs 
disease ?

QUESTION 2

When to treat ?

QUESTION 3

Whom to treat? 



Challenges in diagnosis 

• Nonspecific imaging: GGO, interstitial infiltrates overlap with other infections/ILD.

• Infection vs disease dilemma: CMV detection ≠ active pneumonitis; co-infections/confounders 
common.

• Diagnostic gaps :  BAL CMV PCR and Serum CMV PCR lacks standardized cutoffs, assays vary across 
centres

• Lung biopsy – gold standard but feasibility is less in mechanically ventilated patients 

• Limited access to BAL PCR quantitative PCR / IHC in  resource limited settings

• No single definitive test: Diagnosis relies on a syndromic approach (clinical + labs + imaging + 
exclusion).



Therapeutic gaps

• Novel antivirals (letermovir, maribavir) are not universally available or affordable

• Drug resistance testing (UL97/UL54 genotyping) is not routine in most centres

• Guideline implementation issues: Indian ICUs adapt western guidelines but face local 
cost/availability constraints

• Lack of standardized ICU-specific protocols → variable practice



DIAGNOSTIC CRITERIA- 
DEFINITIONS



• CMV Infection:  Detection of CMV replication regardless of symptoms , by virus isolation or 

detection of viral proteins (antigens) or nucleic acid in any body fluid or tissue specimen

• CMV Disease: CMV infection with attributable symptoms or signs of illness. 

• CMV Pneumonia:  CMV pneumonia is defined by the presence of signs and/or symptoms of 

pulmonary disease combined with the detection of CMV in bronchoalveolar lavage fluid or lung 

tissue samples. Detection of CMV should be performed by virus isolation, histopathologic testing, 

immunohistochemical analysis, or in situ hybridization

Clin Infect Dis 2002 Apr 15;34(8)



•The main changes were to introduce a “probable 
disease” category and to incorporate nucleic acid 
testing (NAT) in some end-organ disease categories.

•Proven CMV disease requires definitive tissue 
evidence for all categories

•while probable disease classification is limited to 
pneumonitis and gastrointestinal disease.

• Possible disease applies only to pneumonitis

Clin Infect Dis 2017 Jan 1



CMV PNEUMONITIS

Clinical symptoms / signs of pneumonia (e.g., hypoxia, imaging findings), 
and CMV documented in lung tissue by virus isolation and 
histopathology or IHC

Proven

Clinical symptoms/signs + CMV in BAL fluid by viral isolation or  CMV 
DNA quantitation - the threshold for CMV DNA load in BAL fluid is not 
established.

Probable

clinical + radiologic features, CMV DNA detection in BAL is borderline / 
lower, where there are co-pathogens present ,making attribution 
uncertain.

Possible

Clin Infect Dis 2017 Jan 1



Clin Infect Dis. 2024 Sep 26

• Definition not changed- Proven , Probable and Possible

• Introduced Refractory and resistant CMV infection

• CMV syndrome applicable only to SOT recipients.

• Possible CMV Pneumonia- controversial

The detection of a concomitant primary airway pathogen

together with a borderline level of CMV DNA in BAL fluid 

decreases the likelihood of the pneumonia being due to CMV,

while a high CMV viral load in BAL fluid together with 

another opportunistic pathogen increases the likelihood

of CMV pneumonia.



CMV viremia  that either (a) increases by >1 log₁₀ after ≥2 weeks of 
appropriate therapy, or (b) persists (≤1 log₁₀ increase or decrease) after 
the same period

Refractory CMV 
infection 

Worsening signs and symptoms or progression to end-organ disease if 
initial disease not present, OR lack of improvement in signs and 
symptoms after ≥2 weeks therapy. 

Refractory CMV End-
Organ Disease 

Refractory + viral genetic alteration that decrease susceptibility to 1 or 
more antiviral drugs 

Resistant CMV Infection

Clin Infect Dis 2017 Jan 1



DIAGNOSTIC TEST 
• PCR -  serum and BAL

• Antigenemia

• Culture

• Imaging



CMV PCR 
Serum



• There are currently no FDA–approved laboratory tests for the quantifying CMV DNA.

• CMV viral load tests are considered laboratory-developed tests (LDTs) , validated by an individual labs.

• Cut off values vary among institutions due to lack of standardization and LDT performance 

• International standard for CMV was developed by WHO in 2010 to allow labs to assess accuracy and 
calibrate LDTs

•  Results are now expressed in IU/mL instead of copies/mL, improving comparability across assays.

Clin Infect Dis. 2012 Mar 12



Analysis performance and clinical interpretation 

• Test methods differ in nucleic acid extraction , primer selection and test chemistry affecting viral 
load values 

• Quantitative CMV testing is typically performed on whole blood or plasma, each having strengths 
and limitations .

• Performance characteristics include the limit of detection (LOD), lower and upper LOQ.

• Linear range of CMV viral load tests is usually at least 6 log 10

• Trends in viral load over time are often more informative than single measurements.

Clin Infect Dis. 2012 Mar 12



Figure showing the Test for co-linearity 
between 1st WHO International Standard 
and Standards used in calibration and 
standardization of the CAP/CTM CMV Test.

Clin Infect Dis. 2013 Feb

The linear regression shows very high 
agreement (R² ≈ 0.99) between the WHO CMV 
standard and multiple clinical/reference 
materials, confirming that assays calibrated to 
the WHO standard give reliably proportional 
viral load measurements in IU/mL across 
different sample types



Open Forum Infect Dis. 2017 Jul 8

The study prospectively measured CMV viral load in 
plasma and whole blood samples from transplant 
recipients with CMV infection and disease.

Samples were tested using the CAP/CTM CMV assay

The Kappa = 0.49 suggests that while the 
two methods are reasonably aligned, 
they are not interchangeable.



Open Forum Infect Dis. 2017 Jul 8

Among all patients, symptomatic ones have much higher initial and peak VLs 
in both plasma and whole blood than asymptomatic ones.



For solid organ transplant (SOT) recipients (Panel A):

Plasma (PL): 1700 IU/mL (3.23 log10 IU/mL), with 
sensitivity of 80% and specificity of 74%
For WB, a threshold of 12 400 IU/mL (4.09 log10 IU/mL) 
with sensitivity of 65% and specificity of 87% 

For hematopoietic stem cell transplant (HSCT) recipients 
(Panel B):

Plasma (PL): 1350 IU/mL, 3.13 log10 IU/mL) in PL  with  
sensitivity of 89% and specificity of 87% 

Whole blood (WB): No threshold identified due to lack of 
significant difference between symptomatic and 
asymptomatic VL levels

Open Forum Infect Dis. 2017 Jul 8



CMV PCR 
BAL



J Infect Dis. 2017 May 15

The study tested 
bronchoalveolar lavage (BAL) 
fluid samples from 132 HCT 
recipients with CMV 
pneumonia and 139 controls 
by quantitative CMV and β-
globin DNA–specific PCR.

CMV DNA load in BAL can be 
used to differentiate CMV 
pneumonia from pulmonary 
shedding



Figure 2. Quantitative cytomegalovirus (CMV) load in bronchoalveolar lavage (BAL) fluid according 
to possible effect modifiers. A, Viral load in BAL fluid from CMV pneumonia cases did not differ 
with respect to the radiologic appearance ofthe lungs at the time of the BAL. 

J Infect Dis. 2017 May 15



J Infect Dis. 2017 May 15

They recommend 500 IU/mL as a pragmatic cutoff in BAL 
because, although ROC analysis suggests lower cutoffs (≈200 
IU/mL)



Clin Infect Dis. 2013 Feb

Median viral load in bronchial washing was much higher in pneumonia patients: 
~1.8×10⁵ copies/mL vs ~3×10³ copies/mL in infection without pneumonia



Clin Infect Dis. 2013 Feb

Different optimal cutoff 
values depending on 
whether the patient had a 
bone marrow transplant 
(BMT) or not Post-BMT: 



Clin Infect Dis. 2013 Feb

Both bronchial washing fluid and blood CMV viral loads are 
significantly elevated in patients diagnosed with CMV pneumonia.



Clin Transplant. 2018 Jan

The study analyzed CMV VL in BALF from 17 
patients and 21 control subjects using an FDA-
approved PCR assay calibrated to the WHO 
International Standard for CMV DNA 

Normalizing to cell count allowed better 
standardization and showed a strong 
distinction: values >160 IU/10⁶ cells were 
only seen in proven cases. This supports BAL 
CMV DNA quantification, especially 
normalized values, as a helpful tool in 
diagnosing CMV pneumonia



Clin Transplant. 2018 Jan

Thresholds like 234,000 IU/mL or 4.76 IU/10⁶ cells distinguished 
proven/probable CMV pneumonia from controls, with 100% sensitivity and 
specificity



A prospective study -  between October 
2019 and October 2020, enrolled IC 
patients with suspected pneumonia.

Plasma and BALF samples were 
collected and quantified for CMV DNA 
using a RealTime CMV assay

J Clin Virol. 2022 Oct:155:105243



ROC  

Positive correlation with an R² value of 0.887 (p < 0.001) between 
plasma CMV DNA loads and BALF CMV DNA loads.

Good diagnostic accuracy :
Plasma CMV DNA load at a cut-off of 831 IU/mL with an AUC of 
0.9987, achieving 100% sensitivity and 94.1% specificity.
 BALF CMV DNA load at a cut-off of 24,565 IU/mL showed an AUC of 
0.997 with 100% sensitivity and 91.1% specificity

J Clin Virol. 2022 Oct:155:105243



CMV ANTIGENEMIA



• Detects CMV pp65 antigen  inside peripheral blood leukocytes.

• Uses immunostaining with CMV-specific monoclonal antibodies.

Result & Interpretation:

• Positive: pp65-positive leukocytes detected → indicates active viral replication.

• The number of pp65-positive cells (reported as cells per 200,000 WBCs) is semi-quantitative.

• Quantitative: Number of positive cells correlates with viral load and disease risk.

Clin Microbiol Infect. 2017 Dec



The CMV antigenaemia assay shows good specificity and moderate sensitivity regardless 
of population or assay kit used.

Clin Microbiol Infect. 2017 Dec



Clin Microbiol Infect. 2017 Dec



CMV CULTURE
BAL



Open Forum Infect Dis. 2016 Feb 10



Open Forum Infect Dis. 2016 Feb 10PCR + culture together = good diagnostic yield



J Virol Methods. 2023 Jul

A prospective study was conducted from 
January 2021 to July 2022, including 176 
consecutive BAL samples from 
immunosuppressed patients with respiratory 
symptoms

higher viral loads (lower Ct) are associated with 
culture positivity and likely true infection.



ROC curve for BAL HCMV qPCR for diagnosis of HCMV pneumonia. 
Sensitivity, specificity, PPV and NPV values as a function of HCMV load in BAL.

J Virol Methods. 2023 Jul

ROC AUC = 0.986 → BAL CMV load is  accurate.

Cutoff ~ >890–1250 IU/mL gives high specificity & 
PPV (true disease).

Concomitant DNAemia increases confidence in 
diagnosis.



Study
Verified Cutoff(s) and Method 
of PCR

Specimen Reference standard Sensitivity / Specificity

Dioverti et al., 2017

1700 IU/ml ( Plasma) in SOT
1350IU/ml ( plasma) in HSCT

COBAS AmpliPrep/COBAS 
TaqMan CMV Test (CAP/CTM 
CMV),

All patients were tested with a 
clinically approved 
quantitative nucleic acid test 
(QNAT) for CMV DNA, 
performed in plasma (PL).

Definitions of CMV infection 
and disease according to 
published guidelines, which 
included asymptomatic 
infection, CMV syndrome  and 
end-organ disease

1700IU/ml in plasma of SOT 
with sensitivity of 80% and 
1350 IU/ml in plasma of HSCT 
with specificity of 74%   and 
specificity and sensitivity of  
87% to distinguish CMV 
disease from asymptomatic 
infection

Boeckh et al., 2017

500 IU/mL (BAL)

Quantitative PCR targeting 
gB/pp65 genes

BAL fluid in HSCT patients

Shell vial assay 
Viral culture

Direct fluorescent antibody 
testing (DFA)

Cytology

Used ROC curves to 
distinguish CMV pneumonia vs 
shedding. Cutoff 500 IU/mL 
chosen as “reasonable with 
current prevalence” though 
threshold may vary. 



Study
Verified Cutoff(s) and Method 
of PCR

Specimen Reference standard Sensitivity / Specificity

Saksirisampant et al., 2022

831 IU/mL (plasma)

RT CMV assay 

Plasma in mixed 
immunocompromised, 
BAL-PCR confirmed 
pneumonitis vs no 
pneumonitis

Diagnosis of CMV pneumonitis 
was classified as proven, 
probable, or possible as per 
guideline

AUC ~0.9987; sensitivity 
100%, specificity 94.1%. BAL 
VL much higher in cases vs 
non-cases (median ~379,652 
IU/mL vs ~0) 

Berengua et al., 2023

1,258 IU/mL (BAL)

ELITe MGB Kit

BAL in immunosuppressed 
with respiratory infection

Viral culture of BAL fluid by 
both conventional and shell 
vial culture

Defines ≥1,258 IU/mL in BAL 
with sensitivity ~76%, 
specificity 100% to identify 
HCMV pneumonia vs culture 
and PCR criteria. 



IMAGING 



Radiology. 1994 Aug

• 21 AIDS patients, with 
histologically confirmed CMV 
infection with no other 
pulmonary infections 

• Retrospective review from 1991-
1993 

•  Radiologic (CT) patterns: 
ground-glass, dense 
consolidation, nodules, and 
mass like opacities



AJR Am J Roentgenol. 2003 Oct

• Retrospective review of 32 IC patients 
without AIDS who had a histologically 
proven diagnosis of CMV pulmonary 
infection and had undergone CT 

• Areas of ground-glass opacification were 
seen in 21 (66%) of 32 patients .

• Multiple nodules were identified in 19 
patients (59%)



CO-INFECTIONS



• Both CMV and PcP pneumonia often show similar CT morphologies in the early disease phases, 
such as ground-glass opacities (GGO) and consolidations, making it difficult to distinguish between 
the two solely based on imaging

PcP is more likely when:
GGO/consolidation have an apical distribution,
There is a mosaic pattern,
GGO is homogeneous.

CMV pneumonia is more likely when:
There are small nodules,
GGO and consolidation have unsharp (unclear) borders

Br J Radiol. 2007 Jul



PLoS One. 2024 Jan 10

High CMV viral load (≥3 log IU/mL) in BAL or blood is associated 
with more severe immunosuppression, coinfection (esp. P. 
jirovecii), ICU admission, and prolonged ICU stay.



PLoS One. 2024 Jan 10

Patients in ICU had 
much higher CMV 
loads (both BAL and 
blood) compared to 
non-ICU patients.



LAB INVESTIGATIONS 
AVAILABLE AT PGI?



• Serum qualitative PCR –  Nested PCR ( In house) 

• Serum Quantitative PCR – commercial kit Tru CMV PCR ( real time PCR) 

• BAL qualitative PCR – Nested PCR ( In house) 

• BAL  Serum Quantitative PCR , culture and PP65 – Not available 



• 36 M, HIV +ve

• Mason by occupation

• Presented with chronic cough, shortness of 

breath, and fever



BAL- CMV

LBC



CASE 1

• 30yr male , 

• Dry cough for 2 months

• Breathlessness for 2 weeks

• Fever for 1 day 5 days back

Lab Investigations  :

• HIV - Reactive

• CD4 - 15(11/6/25)

• HCV/HBsAg :Non reactive

• BAL Genexpert(7/6/25) - Negative

• BAL Pneumocystis IFA(7/6/25) -Negative



Treated for PCP, as 
there was no 
improvement , treated 
for CMV pneumonitis

At start of CMV treatment After 2 weeks of CMV treatment



Similar symptoms with 
similar CT pattern 

Treated for PCP, as there 
was  improvement ,not 
treated for CMV 
pneumonitis

CASE 2



Practical Diagnostic Algorithm ( ICU focus)

• Clinical suspicion :  Hypoxemia + new infiltrates in immunocompromised host ( SOT/HCT/HIC/high 
dose immunosuppression)

• Send tests: BAL PCR for quantative ± culture  ±  microscopy ( if feasible) + serum PCR

• Interpret results:

      1) BAL CMV > 500IU/ml → strong evidence for disease ( probable) 

      2) BAL low/borderline→ repeat test or use cell- normalized load if available

      3) Serum DNAemia alone→ not diagnostic , supportive only



When to treat ( Practical rule) 

Treat if ANY of the following:

• Proven CMV pneumonitis (tissue/IHC) — treat. 

• Probable CMV pneumonitis: hypoxemia + compatible CT + BAL CMV high (>500 IU/mL) and no 
alternative cause — treat. 

• Severe respiratory failure + high BAL viral load or progressive disease despite treatment of co-
pathogens  - treat empirically while awaiting results. 

• Evidence shows CMV reactivation in ICU associates with worse outcomes (OR ≈2.5 for mortality) — 
justify empiric therapy in selected critical patients. 

•  Do NOT treat low BAL DNAemia without clinical syndrome; instead monitor and repeat testing.



THANK YOU
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