CMV PNEUMONIAIN
IMMUNOCOMPROMISED
PATIENTS IN ICU- DIAGNOSIS



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 QUESTION 2 QUESTION 3

How to diagnose ? When to treat ? Whom to treat?

CMV infection vs
disease ?



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



Definitions of Cytomegalovirus Infection
and Disease in Transplant Recipients

Per Ljungman,' Paul Griffiths,” and Carlos Paya®

'Department of Hematology, Huddinge University Hospital, Karolinska Institutet, Stockholm, Sweden; “Department of Virology, Royal Free and University College
Medical School, London, United Kingdom; and “Department of Infectious Diseases and Transplant Center, Mayo Clinic, Rochester, Minnesata

* 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)
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Cytomegalovirus Disease Categories and Required Quality of

Evidence

Disease Proven Probable Possible *The main changes were to introduce a “probable
Pl LIS Yes Yes Yes disease” category and to incorporate nucleic acid
Ggstrointesting disease Les Les Les testing (NAT) in some end-organ disease categories.
Hepatitis Yes No No

Retinitis Yes No No *Proven CMV disease requires definitive tissue
Encephalitis/ventriculitis Yes Yes No evidence for all categories

Nephritis Yes No No

Cystitis Yes No No *while probable disease classification is limited to
Myocarditis Yes No No pneumonitis and gastrointestinal disease.
Pancreatitis Yes No No

Other end-organ diseases Yes No No * Possible disease applies only to pneumonitis
Syndrome No Yes No

All 3 categories require appropriate clinical symptoms and/or signs.

Clin Infect Dis 2017 Jan 1




CMV PNEUMONITIS

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

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

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

Clin Infect Dis 2017 Jan 1
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* 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.

Definition of Probable Cytomegalovirus (CMV) Syndrome in
Solid Organ Transplant Patients Based on Clinical and Laboratory
Criteria (at Least 2 Criteria are Required) and Detection of CMV DNA or |
Antigen in Whole Blood or Plasma Within 1 Week of Symptoms

a. Fever >38°C for at least 2 days of which at least 1 measurement is

the fever

b. New orincreased malaise CTCAE toxicity grade 2, including muscle aches or
general achiness, headache, or new or increased fatigue (CTCAE toxicity
grade 3)

c. A WBC count of <3500/ul if the WBC count prior to the development of
clinical symptoms was > 4000/uL or a WBC decrease of >20% if the WBC
count prior to the development of clinical symptoms was <4000/uL; the
corresponding neutrophil counts are <1500/ul or a decrease of more than
20% if the neutrophil count before the onset of symptoms was below
1500/uL

d. >5% atypical lymphocytes

e. A platelet count of <100 000/uL if the platelet count prior to the development

of clinical symptoms was > 115 000/mL or a decrease of >20% if the platelet
count prior to the development of clinical symptoms was <115 000/ uL

f. Elevation of hepatic transaminases (alanine aminotransferase or aspartate
aminotransferase) to >2 x upper limit of normal or >2xbaseline value (if
abnormal at baseline); baseline defined as last value before cytomegalovirus
viremia was documented (applicable to non-liver transplant recipients)

Clin Infect Dis. 2024 Sep 26



Refractory CMV

infection CMV viremia that either (a) increases by >1 logo after 22 weeks of
appropriate therapy, or (b) persists (<1 logio increase or decrease) after
the same period

Refractory CMV End-
Organ Disease 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.

Resistant CMV Infection

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

Clin Infect Dis 2017 Jan 1



DIAGNOSTICTEST

* Antigenemia

* Imaging
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Interpreting Quantitative Cytomegalovirus DNA
Testing: Understanding the Laboratory
Perspective

Colleen S. Kraft,'? Wendy S. Armstrong,? and Angela M. Caliendo'?

Department of Pathology and Laboratory Medcine, and "Divison of Indectious Diseases, Emory Unwversity School of Medcine, Atlanta, Georgla

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



An International Multicenter Performance
Analysis of Cytomegalovirus Load Tests

Hans H. Hirsch,' Irmeli Lautenschlager,” Benjamin A. Pinsky,’ Laura Cardefioso,’ Shagufta Aslam,” Bryan Cobb,®
Regis A. Vilchez,*" and Alexandra Valsamakis®
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Microbiology, Hospita! Universitario de la Princesa, Madrid, Spain; floche Mokecular Systems, Inc, Pleasanton, Califomia; and "Department of
Pathology, The John Hopking Hospital, Baltimare, Maryland

Linear Regression for Dilutions of CMV WHO Standard, CMV Secondary Standard Source
Material AD169, Clinical Specimen #N565967-3, and CAP/CTM CMV Calibration Panel
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Comparison of Standardized Cytomegalovirus (CMV)
Viral Load Thresholds in Whole Blood and Plasma of Solid
Organ and Hematopoietic Stem Cell Transplant Recipients
with CMV Infection and Disease

M. Veronica Dioverti,"* Brian D. Laht.” Jefirey J. Germer.” Joseph D. Yao,” Michelle L. Gartner,’ and Raymund R. Razonable*
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for Transplzntation and Ginical Regareration. Mayo Cink, Aochester, Minnesota

Categorical Agreement Between CMV VL in WB and PL Among All Patient Groups .
The Kappa = 0.49 suggests that while the
CMVVL mWB .
two methods are reasonably aligned,
CMVVL inPL Target Not Detected Detacted, but <822 |U/mL Quantifizble Overall Agreement (%)  Kappa (35% Cl) .
Terget not detected 72 179%1 a@2%) 00.0%) 770403 692%) 048 043-056) they are not interchangeable.
Detacted, but <137 IU/mL 44 10.9% 22 (5.5%) 5(1.2%)
Quantifahle 17 (4,2%) 49 (12.2%) 185 (45.9%)
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Correlation and agreement of CMY VL rasults from PL and WB as determined by Deming regression analysis (A) and Bland-Altman plot {B]. Dashed kne in the
regression plot rapresents the line of unity. Abbrewations: CMV, cytomegalovirus: PL, plasma; VL, wiral load; WE, whale blood

Open Forum Infect Dis. 2017 Jul 8



Comparison of Initial and Peak CMV VL in PL and WB Based on Symptomatic and Asymptomatic Disease

Symptomatic Asymptomatic
Patient Group Overall Median VL (IU/mL)® N Median VL (IU/mL)* N Median VL (IU/mL)? PValue®
All Patients
Initial VL, PL 954 (363, 4880) 29 4880 (1570, 20800) 54 470 (290, 1140) <.001
Initial VL, WB 5480 (1740, 18200) 29 14800 (1990, 85400) 54 5000 (1040, 8250) .005
Peak VL, PL 1380 (442, 5690) 31 5450 (1570, 20800) 57 825 (363, 2030) <.001
Peak VL, WB 6240 (2020, 22400) 31 27600 (2900, 100000) 57 5350 (1630, 11 600) .002
SOT Patients
Initial VL, PL 1700 (428, 12500) 20 9100 (2830, 32200) 23 606 (297 2530) <.001
Initial VL, WB 6280 (1974, 30300) 20 35200 (2440, 237000) 23 4520 (779, 8870) .004
Peak VL, PL 2280 (434, 13400) 22 9100 (1700, 26300) 24 863 (355, 3960) .003
Peak VL, WB 7144 (2050, 36600) 22 35200 (5080, 101 000) 24 5271 (1210, 9130) .002
HSCT Patients
Initial VL, PL 537 (302, 1550) 9 2790 (1530, 3870) 31 466 (281, 954) <.001
Initial VL, WB 5190 (1280, 9930) 9 5550 (1740, 14800) 31 5130 (1040, 8250) 734
Peak VL, PL 1120 (449, 3230) 9 3220 (1570, 4880) 33 825 (414, 1900) .016
Peak VL, WB 5520 (1740, 17900) 9 6200 (1740, 37 900) 33 5350 (3190, 15000) 490

Abbreviations: CMV, cytomegalovirus; HSCT, hematopoietic stem cell

kransplant; PL, plasma; SOT, solid organ transplant; V|

®Numbers in parenthesis represent the 25th and 75th percentile valugs (ie, interquartile range).

PWilcoxon rank-sum test.

Among al

viral load; WB, whole blood.

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

Open Forum Infect Dis. 2017 Jul 8
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For solid organ transplant (SOT) recipients (Panel A):

Plasma (PL): 1700 IU/mL (3.23 log10 1U/mL), with
sensitivity of 80% and specificity of 74%

For WB, a threshold of 12 400 IU/mL (4.09 log10 1U/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
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MAJOR ARTICLE

Cytomegalovirus (CMV) DNA Quantitation in
Bronchoalveolar Lavage Fluid From Hematopoietic Stem
Cell Transplant Recipients With CMV Pneumonia
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“Virology Division, Departmant of Laboratory Medicine, University of Washington, Seattle
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The study tested
bronchoalveolar lavage (BAL)
fluid samples from 132 HCT
recipients with CMV
pneumonia and 139 controls
by quantitative CMV and [3-
globin DNA—specific PCR.

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

Figure 3. Receiver operating characteristic (ROC) curves and predictive models. A, Patients with cytomegalovirus {CMV) pneumonia (n = 132) versus controls with idiopathic
pneumonia syndrome (IPS} or non-CMV pneumonia (n = 118). The optimal cutoff was 99.7 IU/mL, with a sensitivity of 90.2% and specificity of 80.5%. B, Patients with CMV

pneumonia (n = 132) versus asymptomatic controls (n = 21). The optimal cutoff was 203.3 IU/mL, with a sensitivity of 84.1% and a specificity of 76.2%.

J Infect Dis. 2017 May 15
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Figure 1.  Quantitative cytomegalovirus {CMV] load in bronchoalveotar lavage (BAL) fluid. A, Viral load in BAL fluid was significantly higher in CMV pnaumonia cases than in
any of the control subgroups. B, Viral load in BAL fluid from CMV pneumonia cases did not differ according to the absence (CMV only) or presence of a copathogen (BAL spec-

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.
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Clinical Research Paper

Diagnosis of cytomegalovirus pneumonia by quantitative
polymerase chain reaction using bronchial washing fluid from
patients with hematologic malignancies

Hwa Young Lee'’, Chin Kook Rhee'’, Joon Young Choi’, Hea Yon Lee’, Jong Wook
Lee’? and Dong Gun Lee***
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Receiver-operator characteristics (ROC) curve of patients who were diagnosed versus not diagnosed with
CMYV pneumonia but with a CMV load >380 copies/mL (2,470 IU/MI) by qRT-PCR. A. Post-bone marrow transplantation

(BMT) patients; viral cut-off was 18,900 copies/mL B. no-BMT patients; viral cut-off was 316,415 copies/mL. C. All patients; viral cut-off
was 28,774 copies/mL.

Clin Infect Dis. 2013 Feb



Comparison of quantitative polymerase chain reaction results between patients diagnosed with CMV

pneumonia or not

CMYV pneumonia Not CMYV pneumonia p
(n=24) (n=170)
Bronchial washing fluid <0.001
(copies/ml)
Mean 7,378,508.6 10,899.2
Median 187,224.5 3,055
Minimum - Maximum 3,642-156,666,945 506-113,000
Blood (copies/ml)
Mean 683,659.1 20,915.4 0.006
Median 33,839.5 5,486.5 :
Minimum - Maximum 882-5,570,000 689-280,870

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

Clin Infect Dis. 2013 Feb
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Cytomegalovirus (CMV) DNA quantification in bronchoalveolar

lavage fluid of immunocompromised patients with CMV
pneumonia

Elena Beam! D | Jeffrey ). Germer? | Brian Lahr® | Joseph D.C. Yao? |
Andrew Harold Limper® | Matthew J. Binnicker? | Raymund R. Razonable!”

CMV VL in BALF

Subject No. Original results in IU/mL Normalized results in

group cases (median; IQR) IU/10° cells (median: IQR)

Controls 21 0; 0 to O° 0;0to 07

Cases (all) 17 656 000; 34 800 to >18 200 000 13.61; 3.03 to >160.00
Possible 7 32 400; <274 to 130 400 0.32; <0.01 to 5.57
Probable 4 1 305 000; 742 000 to @ 780 000 67.35;19.23 10 130.50
Proven 6 >18 200 000; 676 000 to >»18 200000  »160.00; 13.61 to> 160.00

IQR, interquartile range; BALF, bronchoalveolar lavage fluid; VL, viral load.
*Three control subjects had detectable CMV VL in BALF, but results were all below the IQR (<25th
percentile).

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 1U/10° 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



TABLE 5 Sensitivity and specificity analyses of various viral load thresholds for diagnosing cytomegalovirus (CMV) pneumonia in BALF

Original results (IU/mL) Normalized results (IU/10° cells)

CMV pneumonia No. Sensitivity Specificity Sensitivity Specificity
cases™P cases AUC VL threshold (%) (%) AUC VL threshold (%) (%)
Proven, probable, 17 0.979 ~274° 100.0 85.7 0.973 ~0.01° 100.0 85.7

and possible
Proven and 10 1.000 234 000 100.0 100.0 1.000 476 100.0 100.0

probable
Proven 6 1.000 656 000 100.0 100.0 1.000 7.05 100.0 100.0
Transplant-only 12 0.9920 34 800 91.7 100.00 0.984 0.32 91.7 20.5

AUC, area under the curve; BALF, bronchoalveolar lavage fluid; VL, viral load.
*For each comparison, cases were compared to a total of 21 controls.

PCMV VL threshold estimates based on an assigned value when original VL was below the lower limit of quantification for BALF (ie, assume “positivity” for

hoth original or normalized result when the raw VL is quantifiable).

Thresholds like 234,000 IU/mL or 4.76 1U/10° cells distinguished

proven/probable CMV pneumonia from controls, with 100% sensitivity and
specificity

Clin Transplant. 2018 Jan



A Prospective Study of Plasma and Bronchoalveolar Lavage Fluid CMV DNA
Load Quantification for the Diagnosis and Outcome of CMV Pneumonitis in

Immunocompromised Hosts

Gasit Saksirisampant ', Theerasuk Kawamatawong ', Kawin Promsombat ",
Warawut Sukkasem ', Somprasong Liamsombut ', Ekawat Pasomsub

Jackrapong Bruminhent ™

Accuracy of cut-off values for plasma and BALF CMV DNA load in diagnosis of

CMV pneumonitis

CMV DNA Sensitivity Specificity PPV NPV Accuracy
load (IU/mL) (%) (%) (%) (%) (%)
Cut-off value for plasma CMV DNA load (IU/mL)

467 100 91.2 78.5 100 93.3

831 100 94.1 84.5 100 95.5
1,364 90.9 94.1 83.3 96.8 93.3
Cut-off value for BALF CMV DNA load (IU/mL)

10,263 100 94.1 100 95.2 96.2
24,565 100 01.1 91.6 100 97.9
40,174 90.9 97.1 90.8 97.0 95.5

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
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Figure 2. Correlotion between plasmn and bronchoalveolnr lavage fluid (BALF) CMV DNA loads in immunocompiomise] patients (n=45). Abbreviations CMV,
cvtomegalovitus; BALF, broochoalveolar lavage fluid,

|a JJ T J
T Good diagnostic accuracy :
g" § Plasma CMV DNA load at a cut-off of 831 IU/mL with an AUC of
L 3, 0.9987, achieving 100% sensitivity and 94.1% specificity.
BALF CMV DNA load at a cut-off of 24,565 1U/mL showed an AUC of
0.997 with 100% sensitivity and 91.1% specificity

Figure 3, Receiver operating characteristic curve for (a) plasma CMV DNA load in the diagnosis of proven amd or probable CMV pneumonitis. The area umber the
curve = 0.9987 (= 0.013) (b} BALF CMV DNA load in the dingnosiz of proven and/or probable CMV preumonitis (n=11). The aren under the curve is 0.997 (£ 0.004) J Clin Virol. 2022 Oct:155:105243



CMV ANTIGENEMIA



* Detects CMV pp65 antigen inside peripheral blood leukocytes.

e 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



Diagnostic test accuracy of antigenaemia assay for PCR-proven
cytomegalovirus infection—systematic review and meta-analysis

H. Eguchi 7, N. Horita * ™7, R. Ushio ?, I. Kato “, Y. Nakajima °, E. Ota °, T. Kaneko *

Summary of diagno

fic test accuracy

All SOT HSCT CNAKkit Brite Turbo Clonab
Studies 75 26 18 14 7 15
PCR positive 9058 5123 1580 1218 3335 1082
PCR negative 22232 10219 3635 3025 6720 2660
DOR 30 (24—38) 28 (18—42) 25 (15—40) 38 (22—64) 35 (30—41) 24 (13—44)

P = 28% I? =34% P =37% I? = 22% P = 0% ?=32%
AUC 0.86 (0.83—0.88) 0.86 (0.81—0.90) 0.84 (0.80—0.88) 0.88 (0.99—0.92) 0.83 (0.78—0.88) 0.84 (0.78—0.90)
Sensitivity 0.65 (0.59—0.70) 0.65 (0.56—0.73) 0.60 (0.49—0.70) 0.65 (0.55—0.75) 0.54 (0.34—0.73) 0.64 (0.52—0.75)
Specificity 0.94 (0.93—0.95) 0.93 (0.91—0.95) 0.94 (0.91—0.97) 0.95 (0.91—0.97) 0.97 (0.94—0.98) 0.94 (0.89—0.96)
PLR 109 (8.5—14.0) 9.7 (6.7—14.0) 10.3 (5.3—20.1) 11.9 (6.9—20.6) 16.4 (7.4-33.8) 9.9 (5.6—17.3)
NLR 0.38 (0.32—0.44) 0.38 (0.29—-0.47) 0.43 (0.32—0.55) 0.37 (0.27—0.48) 0.47 (0.28—0.68) 0.38 (0.27—-0.52)

Abbreviations: PCR positive/negative, a number of subjects allowing repeated evaluation of same subjects; DOR, diagnostic odds ratio; AUC, area under hierarchical summary
receiver operating characteristics curve; PLR, Positive likelihood ratio; NLR, Negative likelihood ratio; SOT, solid organ transplantation recipient; HSCT, haematopoietic stem
cell transplantation recipient; CNAkit, CINAkit (Argene Biosoft); Brite Turbo, CMV Brite Turbo Kit (IQ Products); Clonab, Clonab CMV (Biotest).

The CMV antigenaemia assay shows good specificity and moderate sensitivity regardless

of population or assay kit used.

Clin Microbiol Infect. 2017 Dec
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CMV CULTURE



Oped Forum Infectious Diseases IDS A

Infectious Diseases Society of America hiv medicine association

Molecular and Culture-Based Bronchoalveolar Lavage
Fluid Testing for the Diagnosis of Cytomegalovirus
Pneumonitis

Susanna K. Tan,'® Elizabeth B. Burgener,*® Jesse J. Waggoner,' Kiran Gajurel,' Sarah Gonzalez, Sharon F. Chen? and Benjamin A. Pinsky"*

'Department of Medicine, Division of Infectious Diseases and Geographic Medicine, “Department of Pediatrics, Division of Infectious Diseases, *Department of Pediatrics, Division of Pulmonary
Medicine, and “Department of Pathology, Stanford University School of Medicine, Stanford, California

Clinical Diagnostic Criteria for CMV Pneumonitis

1. At least 2 of the following (a, b, ¢):
a. Signs/symptoms of pneumonia or evidence of organ dysfunction as manifested by 2 or more of the following:
i. Fever
ii. Cough
iii. Dyspnea or tachypnea (RR > 20)°
iv. FEV, <80% of baseline
v. New or increasing oxygen requirement
b. Host factors/predisposing conditions: SOT, HSCT, chemotherapy, rituximab, leukemia/lymphoma
c¢. Radiographic changes consistent with CMV pneumonia
i. CXR: reticulonodular or interstitial infiltrates
it. CT: ground glass opacities (GGOs), small nodules (<1 cm), absence of large nodules, air space consolidation
AND

2. If a lung biopsy or autopsy was performed, this showed no evidence of a more likely explanation (acute rejection, GVHD, BCNU toxicity).
AND
3. Requires that no other pathogen is isolated in culture or identified by DFA/staining that represents a more likely cause of the patient's presentation and findings”,

Abbreviations: BCNU, bis-chloroethyinitrosourea; CMV, cytormegalovirus; CT, computed tomography, CXR, chest xvay; DFA, direct fluorescent antibody; FEV,, forced expiratory volume in 1
second; GVHD, graft-versus-host disease; HSCT, hematopoietic stem cell transplantation; HSV, herpas simplex virus; RR, respiratory rate; SOT, solid organ transplant.

* Although 20 breaths/minute is not a normal respiratory rate, this value was selected because it is frequently documented when the patient is breathing comfortably on room air.

Y Coagulase-negative Staphylococcus, oropharyngeal flora, Candida spp, Mycobacterium gordonae, nontyped mycobacterial species, diphtheroids, HSV-1, HSV-2, Enteracoccus, and
Penicillium would not be considered pathogens,

Open Forum Infect Dis. 2016 Feb 10



Test Characteristics of CMV Detection Methods in BAL Specimens

CMV Pneumonitis®

Test (+) (=) Sensitivity (%) Specificity (%) PPV (%) NPV (%)
PCR (+) 42 56 91.3 946 429 99.6
PCR (=) - 972

Shell vial culture (+) 25 27 b4.4 97.4 481 97.9
Shell vial culture (=) 21 1001

Conventional culture (+) 13 15 283 96.56 464 96.9
Conventional culture (=) 33 1013

PCR and shell vial (+) 21 23 45.7 97.8 474 97.6
PCR and/or shell vial (—) 25 1005

PCR and culture (+) 12 13 26.1 98.7 480 96.8
PCR and/or culture (—) 34 1015

Shell vial and culture (+) 10 13 21.7 p8.7 435 96.6
Shell vial and/or culture (—) 36 1015

PCR, shell vial, and culture (+) 9 12 19.6 98.8 426 96.6
PCR, shell vial, and/or culture (—) 37 1016

PCR and/or shell vial (+) 46 60 100.0 94.2 434 100.0
PCR and shell vial (—) 0 968

PCR and/or culture (+) 43 58 934 944 426 99.7
PCR and cultiiee () 2 970

Shell vial and/or culture (+) 28 29 60.8 97.2 491 98.2
Shell vial and culture (—) 18 999

PCR, shell vial, andjor culture (+) 46 61 100.0 941 423 100.0
PCR, shell vial, and culture () 967

o

Abbreviations: BAL, bronchoalveolar lavage; CMV, cytomegalovirus; NPV, negative predictive value; PCR, polymerase chain reaction; PPV, positive predictive value.
* Criteria for CMV pneumonitis as defined in Table 1 and Methods.

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



Detection of cytomegalovirus in bronchoalveolar lavage fluid from
immunocompromised patients with pneumonitis by viral culture and
DNA quantification

C. Berengua ™% !, E. Miré »™¢, C. Gutiérrez ", M. Sanchez”, A. Mulero ", P. Ramos”,

a,b,e

M. del Cuerpo”, A. Torrego “¢, 1. Garcia-Cadenas “¢, V. Pajares “¢, F. Navarro ™™,
R. Martino ©*¢, N. Rabella ®"*

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

symptoms

HCMV culture and qPCR results obtained from BAL samples (PPV: positive

predictive value; NPV: negative predictive value).

n=176 Positive culture Negative culture

Positive qPCR 17 (9.7%) 33 (18.7%) PPV 34%
Negative qPCR 0 126 (/1.6%) NPV 100%
Total S 100% E 79.2%

Median viral load (VL) and gPCR cycle threshold (Ct) value in BAL of HCN¥¥
qPCR-positive samples according to the culture result.

Positive culture Negative culture p value
(17) (33)
Median VL 5038 178 p < 0.001
(Q1: Q3) BAL (IU/mL)  (1008; 39,594) (178; 248)
Median VL 25,188 890 p < 0.001
(Q1; Q3) BAL (copies/  (5042; 197,974.5)  (890; 1239)
mL)
Median qPCR Ct value 32.10 38.27 p < 0.001
(Q1: Q3) BAL (27.22; 34.11) (36.11; 38.97)

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

J Virol Methods. 2023 Jul




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

Sensitivity

BAL HCMV gPCR (AUC=0,986)
1 ‘

0,9 /

08

07 UI/mLHCMV | Sensitivity | Specificity| PPV | NPV
06 178 100% 79% 34% | 100%
05 o 201 4% 94% 62% | 99%
i 356 88% 96% 71% | 99%
g )y 623 82% 97% 78% | 98%
e 890 76% 99% 93% | 98%
- 1,258 76% 100% | 100% | 98%

04 0,6 08 1
1-Specificity

Results of the HCMV DNAemia study and median HCMV viral load (IU/mL) as a
function of BAL culture and qPCR result.

DNAemia study BAL Positive BAL Negative BAL Negative
ROC AUC =0.986 > BAL CMV load is accurate. culture and culture and culture and
positive qPCR (17)  positive gPCR(33)  negative qPCR
(126)
Cutoff >8£?O—1250 IU/mL gives high specificity & Not done (1) 23.5% (4) 54.5% (18) 76.2% (96)
PPV (true disease). Negative (n) 0 3% (1) 15.9% (20)
Positive (n) 76.5% (13) 42.5% (14) 7.9% (10)
) o ) _ e Median VL e 4805 (461; e 222,5(178; e 178 (178;
Concomitant DNAemia increases confidence in (01: Q3) (IU/ 35,998) 982) 314.25)
diagnosis. mL)

J Virol Methods. 2023 Jul




Study

Verified Cutoff(s) and Method
of PCR

Specimen

Reference standard

Sensitivity / Specificity

Dioverti et al., 2017

1700 IU/ml ( Plasma) in SOT
1350I1U/ml ( plasma) in HSCT

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

All patients were tested with a
clinically approved
guantitative 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

17001U/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 21,258 IU/mL in BAL
with sensitivity ~76%,
specificity 100% to identify
HCMYV pneumonia vs culture
and PCR criteria.
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Thoracic Radiology

Georgeann McGuinness, MD + John V. Scholes, MD + Stuart M. Garay, MD
Barry S. Leitman, MD + Dorothy I. McCauley, MD + David P. Naidich, MD

Cytomegalovirus Pneumonitis: Spectrum of
Parenchymal CT Findings with Pathologic
Correlation in 21 AIDS Patients’

Table 2
CT Findings
Bronchial
Cround-Class Dense Interstitial Miliary Wall
Patient  Attenuation  Consolidation Masses Reticulation Nodules Bronchiectasis  Thickening Miscellaneous
1 Predominant
finding
2 Present Present Predominant  Predominant
finding finding
3 ek Present Present Present Present Cysts, cavities
4 Present Predominant Present i Cysts, cavities
finding
5 Present Present Present vas Adenopathy, pleural
effusion
6 Predominant Present Present Sl
finding
7 e Predominant Cysts, cavities
finding
8 Present Predominant  Pleural effusion
finding
9 Predominant S Adenopathy
finding
10 Predominant
finding
11 By Present Present Pleural effusion
12 Predominant =74 Present
finding
13 Predominant
finding
14 N Present Pleural effusion
15 Present Present Adenopathy, pleural
effusion
16 Predominant  Present Present Present Adenopathy, pleural
finding effusion
17 S Predominant
finding
18 Present Present Present Adenopathy, pleural
effusion
19 Present Predominant
finding
20 Predominant
finding
21 4 Predominant  Present
finding

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

Radiology. 1994 Aug



Thin-Section CT Findings in 32
Immunocompromised Patients
with Cytomegalovirus Pneumonia

Who Do Not Have AIDS
—e

CT Findings of Bilateral Abnormalities

Patient

Ground-Glass
Attenuation
(n=21)

Consoldation
(n=19)

Multiple Nodules

(n=19)

Nodules with Halo
{n=7)

Thickening of
Bronchovascular
Bundies{n=7)

Pleural Effusion
n=17
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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%)

AJR Am J Roentgenol. 2003 Oct
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Differences and similarities of cytomegalovirus and pneumocys-
tis pneumonia in HIV-negative immunocompromised patients -
thin section CT morphology in the early phase of the disease

™M N VOGEL, mp, '"H BRODOEFEL, mp, °T HIERL, mp, >R BECK, mp, “W A BETHGE, mp, 'C D CLAUSSEN,
proF and '"M S HORGER, MD

* 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

Distrit

both observersi PCP IS more ||ke|y when: Distribution of the CT morphological criteria with
of infiltration a : : . . : : significant differentiating frequency. Values relate to a
Criteria GGO/COI’]SO“datIOI’] have an aplca| dIStI"Ibuthn, unanimous decision from both observers. The criteria are
A : . listed according to their significance
GGO There is a mosaic pattern, :
Consolidation . Criteria MV PcP n=27 Kappa 7
pericheral GGO IS homogeneous. pneumonia
basal n=31
focal

symmetric GGO and consolidation

Ji s CMV pneumona s more likely when O e N BN
ihil % % A ‘
o 1NETE are small nodules, unsharply 20(65%) 6(23%) 05 1017
sepal thicken'r G0 gnd consolidation have unsharp (unclear) borders GGO
Lymph node eniargement 4 \1357%0) 4 (127%) u.0 u.u4 homogeneousb 5 (16%) 14 (54%) 0.7 9.28
Small nodules® 15(48%) 3(11%) 0.8 10.07

GGO, ground-glass opacity; PcP, Pneumocystis pneumonia; CMV pneumonia, cytomegalovirus pneumonia; Kappa, calculated
correlation of both viewers, observations using Kappa-statistic; #°, results of the statistical calculations using /*-test.

Br J Radiol. 2007 Jul



RESEARCH ARTICLE

Cytomegalovirus detection is associated with
ICU admission in non-AIDS and AIDS patients
with Pneumocystis jirovecii pneumonia

Alexandre Perret'2, Marion Le Marechal'-?, Raphaele Germi%, Daniele Maubon?*,

Cécile Garnaud®*, Johan Noble:°, Aude Boignard®, Loic Falque’, Mathieu Meunier®,
Théophile Gerster®, Olivier Epaulard %10+

Patient characteristics according to cytomegalovirus (CMV) detection in bronchoalveolar lavage (BAL) or blood.

BAL CMYV viral load

Blood CMYV viral load

(N =227) (N =194)
<3log* >3 log p <3 log* >3 log p
(N =190) (N=37) (N =146) (N =48)
Age (years) 65 [53-73] 66 [50-72] 0.673 62 [52-73] 67 [57-73] 0.213
Median [IQR]
Ellzgi‘:i”[‘;‘g};j‘""e count (G/L) High CMV viral load (23 log IU/mL) in BAL or blood is associated 0.185
Gammaglobulin in blood (/1) with more severe immunosuppression, coinfection (esp. P. 0,312
Median [IQR] jirovecii), ICU admission, and prolonged ICU stay.
P. jirovecii load in BAL (log copies/mL) 4.0 |3.7-2.0] 2.7 [4.0—0.1] SR TRVIN 4.7 |3.7—2.0] 2.7 |4.4—0.1] <0.001
Median [IQR]
ICU admission N (%) 54/190 (28.4%) 29/37 (78.4%) <0.001 43/146 (29.4%) 33/48 (68.7%) <0.001
ICU lenght of stay (days) 9 [4-18] 18 [9-31] 0.007 10 [4-14] 19 [8-31] 0.001
Mortality at 28 days N (%) 21/190 (11.0%) 5/37 (13.5%) 0.8814 17/146 (12.0%) 4/48 (11.6%) 0.709

ICU = intensive care unit; BAL = bronchoalveolar lavage.

* including patients with undetectable CMV viremia.
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BAL Blood
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~ Bronchoalveolar lavage (BAL) and blood CMV viral load in patients with or without intensive care unit
(ICU) admission.

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

PLoS One. 2024 Jan 10



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
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The need for “eagle-eyed screening”: Owl's eyes in
bronchoalveolar lavage cytology

Nisha Duggal MD* | Parikshaa Gupta MD, DNB, MIAC*© |
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36 M, HIV +ve

e Mason by occupation

e Presented with chronic cough, shortness of
breath, and fever
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CASE1

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
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At start of CMV treatment After 2 weeks of CMV treatment




CASE 2

Similar symptoms with
similar CT pattern

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




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 > 500I1U/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.



THANKYOU
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