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ABSTRACT

Background: This study evaluated the safety and effectiveness of the cytomegalovirus
(CMV) Specific Antigen Induced Interferon-Gamma ELISPOT (enzyme-linked immunosorbent
spot)/ELISA (enzyme-linked immunosorbent assay) procedure in predicting the risk of CMV
infection/disease in immunocompromised patients through a systematic literature review.
Methods: The searched electronic databases included MEDLINE, EMBASE and the Cochrane
Library. A total of 884 non-duplicate citations were retrieved and a total of 25 studies (15
cohort studies, 10 cross-sectional studies) were included in this review. Study subjects were
selected among patients with solid organ, hematopoietic stem cell transplantation, or those
who were on hemodialysis. Data extraction and literature quality assessment were carried out
independently by two researchers.

Results: Most of the studies were conducted on patients with solid organ transplants. As it is
conducted outside the body, CMV Specific Antigen Induced Interferon-Gamma ELISPOT/ELISA
assay was safe. Regarding its effectiveness, most studies on risk analysis based on prognosis-
related outcomes reported that the inactive group showed a significantly higher hazard ratio
or odds ratio than the active group. Results of Kaplan-Meier survival analysis also showed
that the inactive group had a significantly higher incidence of CMV event (CMV infection,
CMV disease, other events) than the active group. However, various thresholds for CMV cell
immune response were reported, as was a broad range of predictive diagnostic accuracies.
Conclusion: CMV Specific Antigen Induced Interferon-Gamma ELISPOT/ELISA assay has
potential to stratify the risk of CMV infection/disease among solid organ transplant patients and
to determine a policy for a prophylaxis/preemptive. However, additional literature evidence is
needed to establish thresholds for CMV cell immune response and standardized tests.

Keywords: CMV-Specific Antigen-Induced Interferon Gamma, Effectiveness, Enzyme-linked
immunosorbent assay, Enzyme-linked immunospot assay, Safety
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INTRODUCTION
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MATERIALS AND METHODS
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Records identified
through database searching
(n=883)

»

Included hand searching (n = 25)

‘—‘I Duplicated records excluded (n = 264)

- Animal or pre-clinical (n = 96)

- Not original articles/Gray literature/case
series/case-reports (n = 65)

- Not compared appropriate reference test (n = §)

- Not performed in patients with immune
suppression (n=5)

- Did not use ELISPOT, ELISA (n = 66)

- Not relevant outcomes (n=372)

- Systematic review (n = 7)

Full-text articles excluded, with reasons (n =619) :

Y
Studies included in qualitative synthesis
(n=25)

16 ELISPOT, 12 ELISA

Fig 1. Flow chart of literature selection process.
ELISPOT, enzyme-linked immunospot; ELISA, enzyme-linked immunosorbent assay.
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RESULTS

B ATlo) Meld B4l £ 25Ho 2 §AZHAS
3 2 1230|310 ™[1,12,16,24-32], 3H[12,16,24]°1| A=
Alzfo| Al B2} 138[1,6,12-20.22], 113

Qe o) AP

e

16H°]%1

1[6,7,11-24], T4

o] 5 ZIARHo] ok Az
A 7]0]/\1 §,]-x].3

112528.32), 7Ho| A 34} 53[2326.27,3031], ZH A 20| 4] $Ha} 33 [21,2429), DNEA] B} |
H[1112-2 84% (2125H)7F 1137471014 xolqlnt. Q1F-2 522 37} Q1521 oFAloRel, 521, =)
Q1o g LHE5I 1 ofA|olQl 5TH[7,16,17,23 24]2 A |5 GGl= L= HQ] 0] QI TH Table 1).
Table 1. Study characteristics of included studies
Study design Author (year) Ethnicity Type O&tz:;wplam I(ncdjz;f;)t Reference test Level of evidence
Cohort Kumar (2019) [15] Caucasian Kidney (368) ELISPOT PCR 2+
Cohort Jarque (2018) [14] Caucasian Kidney (96) ELISPOT Serology, PCR 2+
Cohort Lee (2017) [17] Asian Kidney (128) ELISPOT Real-time PCR 2+
Cohort Schachtner (2017) [22] Caucasian Kidney (326) ELISPOT gPCR 2+
Cohort Leone (2016) [18] Caucasian Kidney (40) ELISPOT Serology, gPCR 2+
Cohort Nesher (2016) [21] Caucasian HC (63) ELISPOT Serology 2+
Cohort Ritta (2015) [6] Caucasian Kidney (80) ELISPOT  Serology, Real-time PCR 2+
Cohort Costa (2014) [13] Caucasian Kidney (328) ELISPOT Real-time PCR 2+
Cohort Mattes (2008) [20] Caucasian Kidney (25) ELISPOT PCR 2+
Cross-sectional Shin (2018) [23] Asian Liver (35) ELISPOT  Serology, Real-time PCR 2+
Cross-sectional Banas (2017) [11] Caucasian ~ Hemodialysis (124) ELISPOT Serology 2+
ELISA
Cross-sectional Kwon (2017) [16] Asian Kidney (47) ELISPOT  CMYV antigenemia assay 2+
ELISA
Cross-sectional Yong (2017) [24] Asian HC (%94) ELISPOT Serology, PCR 2+
ELISA
Cross-sectional Kim (2015)[7] Asian Kidney (69) ELISPOT ~ CMV antigenemia assay 2+
Cross-sectional Lucia (2014) [19] Caucasian Kidney (129) ELISPOT Serology 2+
Cross-sectional Bestard (2013) [12] Caucasian Kidney (137) ELISPOT Serology 2+
Cohort Deborska-Materkowska (2018) [1] ~ Caucasian Kidney (86) ELISA Real-time PCR 2+
Cohort Thompson (2018) [32] Caucasian SOT (54) ELISA Serology, Real-time PCR 2+
Cohort Sood (2018) [31] Caucasian Liver (59) ELISA PCR 2+
Cohort Sood (2015) [30] Caucasian Liver (75) ELISA gPCR 2+
Cohort Cantisan (2013) [25] Caucasian Lung, Kidney (55) ELISA Real-time PCR 2+
Cohort Manuel (2013) [28] Caucasian SOT (127) ELISA Serology, gPCR 2+
Cross-sectional Femandez-Ruiz (2020) [26] Caucasian Liver (86) ELISA Real-time PCR 2+
Cross-sectional Gabanti (2018) [27] Caucasian Liver (53) ELISA Real-time PCR 2+
Cross-sectional Paouri (2018) [29] Caucasian Child HC (37) ELISA Real-time PCR 2+

Abbreviations: ELISA, enzyme-linked immunosorbent assay; ELISPOT, enzyme-linked immunospot; PCR, polymerase chain reaction; CMV,

cytomegalovirus; SOT, solid organ transplant recipients; HC, hematopoietic cell transplant tecipients.
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1) 242 %H Y5272 (enzyme-linked immunosorbent spot, ELISPOT)

ARo] of| & o Aah A R =E 16w 9] AtollA His gt
172 1 - 5571 7kA] 01 AL, CMV Al 2R RES o] Tt AAIX]= A
g

[6,7,12-24]. 4] ¥z 3
10°, 3X10° PBMCs, spot+7} 2, 38 5715t 49 5 ThfshA| EaE ek
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AR, o] A & o % - of| 52 133 2] Aol A B E]{TH6,7,11,13,16-24]. CMV ARIEAY 91
H](Hazard Ratio)S 2113+ 23[22,23]12F CMV APTEHAY @ ZH](0dds ratio) S H.a1SH 23H[18,20]°]]
A AT ST ] H]ZHY ol A CMV AR @ ZH|7} f-ol5kA| =A] B E|Qich 7}
Zatntojo] 42 sof| A AR T ST TiE] HIZG THollA cMV AR g Eo] =3to Lt
[6,13,17,21,23], 1T ATF FA A 0 = [-of51A] §E3tTHe). oS IS/ d = ERIgh A7+ 12
Ho|%111[6,7,11,13,16,17-19.21-24], T 0.08 - 1.00, EO] = 0.14 - 1.00, A== 021 - 1.00, =
Aol =5 0.48 - 1.00, AAFYZHE 036 - 0.92, AUC 0.69 - 0.85°] A THTable 2).

A, ol F2/AAA 8 & 25 2742 330 AtollA] BaEITH12,14,15]. oA &
oA X 85 "2 Aol A Szt 12711 Al-ellA] CMV ARTEAY @ 2H]= S+ Ty
H|Eg ol RolotA| A Bars|let 7FEt nfojo] 342 23141510014 A} &
o ] B2 oA MV AR EAEO] R-olstA| =9kt o X5 S X sl 4
25t o= A EAI L 30| 11[12,14,15], WZE 0.57 - 0.83, 0] = 0.65 - 0.80, Y]
091 -0.98, 2/3lIZ 0.15 - 0.90°] 1L, AUCTE 0.63 - 0.76°] A TH(Table 2).
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[1,11,16,24-32]. 2 2 7|7+ 6 - 247§ L 712] 0] 1AL, CMV M| ZEH RESofl thgh A1 =] += 0.1
5= 02 TU/mLO] {THTable 3).

XA, 02 & o5 - o] 22 gulo] AFollA] HIE|QITH11,16,24-27,29,30]. ©llE Bl A}k
239] Y = ZH2F 1ol A HAAFE R 2/ tie] HIZ g woll A MV ARTERAY Q13dH] =
CMV AP @ 287} §o]6hA| #=A] BaE|Ql11(25,30], 7FEat-rfolo] A&
oije] g woll A AP g Eo] =3kout A 0 2 folstA] egkth30]. ol 4
Aol Tt of| 2 e 8T TZHE 0.14 - 0.86, E0] = 0.53 - 1.00, FAJlZ = 0.29 - 0.93, 24
25 024-0852 25 H97F HITH11,16, 24, 26-30] (Table 3).
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SR, o2/ A2 2 & F X3 AL 430 A B QIeh1,28,31,32]. ol e Axt
‘:'e“'u A== 1HollA HAFE T ST oib] BlZHd ol AEH|7E felobA] =4 Bl
AA[1], 7HE=H-Atolo] AE EA T 4ol B HARE T S/ tiH] HIZ/d ol A AR HE
Ve Ol FelotA| =3k 11,29,32.33), 1| AT EA A 0 &2 §-olslA] 4UATH32). ol i 4
T} 2hAYo] Tk of| & A 3HAd-228 311 W= 1.00, 030, £°] = 0.89, 0.93, FAIGIZ = 033,093, &
Aol = 1.00,0.270] A THTable 3).

Table 2. Summary of results (ELISPOT) (continued)
. Odds ratio/ Hazard ratio Diagnostic accuracy Level of
Study FiU Peptide/Cut-off 05%Cl  Pvalue  Semsitivity (95% CI) Specificity (95% CI) evidence
Prediction of prognosis
Lee (2017)" 12M IE-1 - - 0.30 0.95 2+
[17] > 128 spot/ 2 x 10° (0.09 - 0.46) (0.89 - 1.00)
ppos - - 0.90 0.38
> 134 spot/ 2 x 10° (0.58 - 1.00) (0.29-0.40)
IE-1, pp65 - - 1.00 0.34
(0.70 - 1.00) (0.26-0.34)
Schachtner (2017)' 55M IE-1, pp65/NR HR 8.51 0.00 0.94 0.28 2+
[22] (453-159) (0.84-0.99) (0.17-0.33)
Leone (2016)" IM IE-1/ OR 033 0.02 0.70 0.73 2+
[18] 15 SFCs/ 200,000 (021-0.94)
ppo5/ OR0.32 0.01 0.83 0.82
40 SFCs/ 200,000 0.03-0.77)
Nesher (2016)* NR IE-1/50 IEN-y spot HR 021 0.05 0.96 - 2+
21] (0.05-0.97)
pp65/100 IFN- v spot 091 -
IE-1, pp65 091 -
Ritta (2015)° 12M 20 SFU/ 2x10° - - 0482 0.818 2+
[6]
Costa (2014)" 3M 20 SFU/ 2x10° - - 0.71 0.60 2+
[13] (0.62-0.80) (0.05-0.65)
Mattes (2008)" 12M IE-1, pp65/NR OR 142 0.02 2+
[20] (2.7-100)
Shin (2018)’ NR IE-1, pp65/NR - - 0.12 1.00 2+
(23]
Banas (2017)* NR IE-1, pp65/10 SFC - - 0.90 0.79 2+
[11] /200,000 PBMC (0.82-0.95) (0.70-0.85)
Kwon (2017)° 6M IE-1 - - 0.30 0.95 2+
> 128 spot/ 2 x 10° (0.09 - 0.46) (0.89 - 1.00)
[16] ppo5: 0.90 0.38
> 134 spot/ 2 x 10° (0.58 - 1.00) (0.29 - 0.40)
IE-1, pp65 1.00 0.34
(0.70 - 1.00) (0.26-0.34)
Yong (2017)* [24] 12M IE-1, pp65/NR - - 0.98 044 2+
Kim (2015)° 6M IE-1 - - 048 0.67 2+
>10 spots/ 2 x 10° (0.32-0.63) (0.56-0.77)
7 ppos - - 0.44 0.79
>0 spots/ 2 x 10° (0.29-0.58) (0.69-0.87)
Lucia (2014)"” NR IE-1/NR - - 0.71 0.60 2+
(0.62-0.80) (0.05-0.65)
[19] pp65/NR - - 0.71 0.60
(0.62-0.80) (0.05-0.65)

“predict viremia; ‘predict duplication; *predict reactivation; “predict infection; / predict disease.
Abbreviations: ELISPOT, enzyme-linked immunospot; F/U, follow up; CI, confidence interval; M, month; IE, immediate-early; NR, not reported; HR, hazard
ratio; OR, odds ratio; pp65, phosphoprotein 65; PBMC, peripheral blood mononuclear cell; SFC, spot-forming cells; IFN, interferon; SFU, spot forming units.
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Table 2. Summary of results (ELISPOT)

. Odds ratio/ Hazard ratio Diagnostic accuracy Level
Study FU Peptide/Cut-off 95%CI  P-value  Sensitivity (95% CI) Specificity (95% CI) of evidence
Decision of treatment
Kumar (2019)* 2M IE-1 OR0.77 0.00 - - 2+
>40 SFU 2.5x10°cells (0.67-0.87)
[15] ppo5 OR 0.80 0.00 - -
(0.72-0.87)
IE-1, pp65 OR0.79 0.00 - -
(0.72-0.86)
Jarque (2018)° 12M IE-1 OR 5.55 0.01 0.71 0.71 2+
25 IFN-y spot (149-20.8)
[14] pp65, 130 OR 3.02 0.08 0.57 0.76
IFN-y spot (0.87-10.6)
IE-1, pp65 OR4.33 0.03 - -
25/130 IFN- y spot (1.18-15.88)
Bestard (2013)* 6M 20cell/ 2x10° PBMC - - 0.825 0.65 2+
[12] 0.80 0.55

“predict viremia; predict duplication; *predict reactivation; “predict infection; / predict disease.
Abbreviations: ELISPOT, enzyme-linked immunospot; F/U, follow up; CI, confidence interval; M, month; IE, immediate-early; NR, not reported; HR, hazard
ratio; OR, odds ratio; pp65, phosphoprotein 65; PBMC, peripheral blood mononuclear cell; SFC, spot-forming cells; IFN, interferon; SFU, spot forming units.

Table 3. Summary of results (ELISA)

Study U Peptide Odds ratio/ Hazard ratio Diagnostic accuracy Level of
/Cut-off 95% CI P-value Sensitivity (95% CI) Specificity (95% CI) evidence
Prediction of prognosis
Femandez-Ruiz(2020) " [26] 2M <0.1 - - 0.83 0.34 2+
(0.70-0.92) (0.19-0.52)
<02 - - 0.77 0.34 2+
(0.64-0.88) (0.19-0.52)
Gabanti (2018) " [27] 6M <02 - - 085 0.63 2+
Paouri (2018) ™ [29] 2M <02 - - 045 1.00 2+
Banas (2017) "[11] NR <02 - - 0.73 0.87 2+
(0.64-0.78) (0.78-0.94)
Kwon (2017) " [16] 6M <02 - - 0.60 0.60 2+
(030-0.85) (051 -0.66)
Yong (2017) " [24] 12M <0.1 - - 0.86 1.00 2+
<02 - - 0.74 1.00 2+
Sood (2015)* 2W <0.1 HR 6.9 0.00 042 0.89 2+
(025-051) (0.73-0.98)
[30] <02 HR 2.8 0.01 0.74 0.53 2+
(0.56-0.88) (0.35-0.67)
Cantisan (2013)” [25] 6M <02 OR 10.18 0.00 2+
(2.07-50.13) 0.00
OR 1049
(1.88 - 58.46)
Manuel (2013) "* [28] Atpro-phylaxis <02 - - 0.14 0.96 2+
(0.08-0.23) (0.81-0.99)
Decision of treatment
Deborska-Materkowska (2018) [1] 2M <02 OR 42 0.03 - - 2+
(1.1-15.6)
Sood (2018) [31] 6M <0.1 - - 1.00 0.89 2+
(0.29-1.00) (0.78-0.96)
Manuel (2013) 28] Postpro-phylaxis ~ <0.2 - - 0.30 0.93 2+
(0.21-0.40) (0.76-0.99)

“predict viremia; predict duplication; *predict reactivation; “predict infection; / predict disease.
Abbreviations: ELISA, enzyme-linked immunosorbent assay; F/U, follow up; CI, confidence interval; M, month; NR, not reported; W, week; HR, hazard ratio; OR,
odds ratio.
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DISCUSSION

7%CHHIEH}°lEb Eo|gd 2= QIEH| &t EAATHA S A SAZNHAE
AEAHL2 1P| 0| ASALE 2FSH HA AR AP A CMV T E S ol Soto] AAESH A=
W& 2757 st e HY e ZAke] I e do] tiRE| 1 Qi

The Transplantation Society 7}0] E2FQ10l|Al= CMV 0|4 AM|iE H] HUE{g]o] tho] A
of|A] 13g77] o]A] A 9l o] 4] & Aol A cMV AE S oS5t RUEH S 55 emv 2
9] s F3toto], A4/l 2] X A| oA FEHARGR-E Ak, oA T F CMV
22k Aol tisto] Mgt ZFAJ o H-E 2RIt 4= Gl AR Harstal QI FS AAA] &
HALe] mE3}o| thsk =7} 04?7]' Q3altkar AAJSEAL RAATH9,33]. The American Society of
Transplantation (2019)°1| A= 1187710 4] To] MAsh] WU EH 2 cMV 22He] 93-S 53
517] 9Jsf AHEE 4 9111‘3& £ T AR = A o & ZFE] ofokgtttal AAlsHlTt
(weak, low)[34].

= 7len B8 AR EATZL Ruan 5(2019)2) A7} EelE]ict Aol
e znt & AAPECMV DNA 31 CMV 49 9] Y E o 24 2T
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A2 ALHSACIA CMV 22/ A%e) 91 oS ZIAREA QP B R A
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Y=l om, gs4wo] A= Qlet 2 FA o= e FA2 25H(E S E A7 15, B A
10%) 0.2 Qittido] 177 o Alehal, ZH WA o] Ajgha}, G EA fhtolgiet = o
A SHA 02 2k 3 Y Eo] AUHE £33l

23} AR tie] A TH7] o] ARAbE thd o= o ATk & HARE Al 2lollA]
o] Fozli= HALR QFdsitt frad2 tiv-2o] o % sl 2 2

/gt tie] B2 dwollA] CMV AP (CMY 2, MV 2% 5) QI 3H] B @ 2|7t -R0ls
Al 431, 7RERk-Atolo] YEZA At M= CMV A B

CMV M| R RS0 Tok 0'711117} HFsIAL, ollF A=l ]

AE: 7 thM Rzl A o3kl A= QlEjH|E At S AdeHAF A aad e
TS 18 Ol*‘s’ﬂ}ow = CMV /%] 9132 Satsto] ol g2 /AdAl4 2| &
9l

(o] o
o) WS AT 4 Sl Aol QU HAToIL, UK Ht HAe) EEEHE Slste] 37}

B

CONFLICTS OF INTEREST

No potential conflicts of interest relevant to this article were reported.

ACKOWLEDGEMENTS

The authors wish to thanks the members of the CMV Specific Antigen Induced Interferon-Gamma
[ELISPOT]/ [ELISA] Subcommittee for their dedication.

FUNDING

This study was supported by the Ministry of Health and Welfare in Korea (HTA 2020-48).

Annals of Clinical Microbiology 2021 June Vol.24(2) 40



Safety and Effectiveness of Cytomegalovirus Specific Antigen Induced Interferon-Gamma ELISPOT/ELISA: A Systematic Review

REFERENCES

L.

10.

11.

12.

13.

14.

Deborska-Materkowska D, Perkowska-Ptasinska A, Sadowska A, Gozdowska J, Ciszek
M, Serwanska-Swietek M, et al. Diagnostic utility of monitoring cytomegalovirus-specific
immunity by QuantiFERON-cytomegalovirus assay in kidney transplant recipients. BMC
Infect Dis 2018;18:179.

Yang CW, Kim YO, Kim YS, Kim SY, Moon IS, Ahn HJ, et al. Clinical course of
cytomegalovirus (CMV) viremia with and without ganciclovir treatment in CMV-seropositive
kidney transplant recipients. Longitudinal follow-up of CMV pp65 antigenemia assay. Am J
Nephrol 1998;18:373-8.

Ki HK, Kim CK, Kim SW, Lee H, Kim S, Peck KR, et al. Cytomegalovirus infections after
renal transplantation. Korean J Infect Dis 1999;31:341-5.

Ki HK, Sohn KM, Rhee JY, Wi YM, Moon CS, Oh WS, et al. Usefulness of cytomegalovirus(CMV)
antigenemia assay after liver trasnplantation. Infect Chemother 2005;37:199-207.

Jameson JL, Fauci A, et al. eds. Harrison's principles of internal medicine, 20th ed. New York;
McGraw-Hill, 2017:Vol.1 & Vol.2.

Ritta M, Costa C, Sidoti F, Ballocco C, Ranghino A, Messina M, et al. Pre-transplant
assessment of CM V-specific immune response by Elispot assay in kidney transplant recipients.
New Microbiol 2015;38:329-35.

Kim SH, Lee HJ, Kim SM, Jung JH, Shin S, Kim YH, et al. Diagnostic usefulness of
cytomegalovirus (CMV)-specific T cell immunity in predicting CMV infection after kidney
transplantation: a pilot proof-of-concept study. Infect Chemother 2015;47:105-10.

Abate D, Cesaro S, Cofano S, Fiscon M, Saldan A, Varotto S, et al. Diagnostic utility of
human cytomegalovirus-specific T-cell response monitoring in predicting viremia in pediatric
allogeneic stem-cell transplant patients. Transplantation 2012;93:536-42.

Kotton CN, Kumar D, Caliendo AM, Asberg A, Chou S, Danziger-Isakov L, et al. Updated
international consensus guidelines on the management of cytomegalovirus in solid-organ
transplantation. Transplantation 2013;96:333-60.

Healthcare improvement scotland. SIGN 50: a guideline developer's handbook. In: Scottish
intercollegiate guidelines network (SIGN), 2014.

Bestard O, Lucia M, Crespo E, Van Liempt B, Palacio D, Melilli E, et al. Pretransplant
immediately early-1-specific T cell responses provide protection for CMV infection after
kidney transplantation. Am J Transplant 2013;13:1793-805.

Banas B, Boger CA, Luckhoff G, Kruger B, Barabas S, Batzilla J, et al. Validation of T-Track
CMV to assess the functionality of cytomegalovirus-reactive cell-mediated immunity in
hemodialysis patients. BMC Immunol 2017;18:15.

Costa C, Balloco C, Sidoti F, Mantovani S, Ritta M, Piceghello A, et al. Evaluation of CMV-
specific cellular immune response by EliSPOT assay in kidney transplant patients. J Clin Virol
2014;61:523-8.

Jarque M, Melilli E, Crespo E, Manonelles A, Montero N, Torras J, et al. CMV-specific
cell-mediated immunity at 3-month prophylaxis withdrawal discriminates D+/R+ kidney
transplants at risk of late-onset CMV infection regardless the type of induction therapy.
Transplantation 2018;102:e472-80.

Annals of Clinical Microbiology 2021 June Vol.24(2)

a



Wonjung Choi, et al.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Kumar D, Chin-Hong P, Kayler L, Wojciechowski D, Limaye AP, Osama Gaber A, et al. A
prospective multicenter observational study of cell-mediated immunity as a predictor for
cytomegalovirus infection in kidney transplant recipients. Am J Transplant 2019;19:2505-16.
Kwon JS, Kim T, Kim SM, Sung H, Shin S, Kim YH, et al. Comparison of the commercial
QuantiFERON-CMV and overlapping peptide-based ELISPOT assays for predicting CMV
infection in kidney transplant recipients. Immune Netw 2017;17:317-25.

Lee H, Park KH, Ryu JH, Choi AR, Yu JH, Lim J, et al. Cytomegalovirus (CMV) immune
monitoring with ELISPOT and QuantiFERON-CMYV assay in seropositive kidney transplant
recipients. PLoS One 2017;12:e0189488.

Leone F, Gigliotti P, Mauro MV, Lofaro D, Greco F, Tenuta R, et al. Early cytomegalovirus-
specific T-cell response and estimated glomerular filtration rate identify patients at high risk of
infection after renal transplantation. Transpl Infect Dis 2016;18:191-201.

Lucia M, Crespo E, Melilli E, Cruzado JM, Luque S, Llaudo 1, et al. Preformed frequencies
of cytomegalovirus (CMV)-specific memory T and B cells identify protected CM V-sensitized
individuals among seronegative kidney transplant recipients. Clin Infect Dis 2014;59:1537-45.
Mattes FM, Vargas A, Kopycinski J, Hainsworth EG, Sweny P, Nebbia G, et al. Functional
impairment of cytomegalovirus specific CD8 T cells predicts high-level replication after renal
transplantation. Am J Transplant 2008;8:990-9.

Nesher L, Shah DP, Ariza-Heredia EJ, Azzi JM, Siddiqui HK, Ghantoji SS, et al. Utility
of the enzyme-linked immunospot interferon-gamma-release assay to predict the risk
of cytomegalovirus infection in hematopoietic cell transplant recipients. J Infect Dis
2016;213:1701-7.

Schachtner T, Stein M, Reinke P. CMV-specific T cell monitoring offers superior risk
stratification of CMV-seronegative kidney transplant recipients of a CMV-seropositive donor.
Transplantation 2017;101:e315-25.

Shin KH, Lee HJ, Chang CL, Kim EJ, Lim S, Lee SJ, et al. CMV specific T cell immunity
predicts early viremia after liver transplantation. Transpl Immunol 2018;51:62-5.

Yong MK, Cameron PU, Slavin M, Morrissey CO, Bergin K, Spencer A, et al. Identifying
cytomegalovirus complications using the Quantiferon-CMV assay after allogeneic
hematopoietic stem cell transplantation. J Infect Dis 2017;215:1684-94.

Cantisan S, Lara R, Montejo M, Redel J, Rodriguez-Benot A, Gutierrez-Aroca J, et
al. Pretransplant interferon-gamma secretion by CMV-specific CD8+ T cells informs the risk
of CMV replication after transplantation. Am J Transplant 2013;13:738-45.

Fernandez-Ruiz M, Rodriguez-Goneer I, Parra P, Ruiz-Merlo T, Corbella L, Lopez-Medrano F,
et al. Monitoring of CMV-specific cell-mediated immunity with a commercial ELISA-based
interferon-y release assay in kidney transplant recipients treated with antithymocyte globulin.
Am J Transplant 2020;20:2070-80.

Gabanti E, Lilleri D, Scaramuzzi L, Zelini P, Rampino T, Gerna G. Comparison of the
T-cell response to human cytomegalovirus (HCMV) as detected by cytokine flow cytometry
and QuantiFERON-CMYV assay in HCM V-seropositive kidney transplant recipients. New
Microbiol 2018;41:195-202.

Manuel O, Husain S, Kumar D, Zayas C, Mawhorter S, Levi ME, et al. Assessment of
cytomegalovirus-specific cell-mediated immunity for the prediction of cytomegalovirus
disease in high-risk solid-organ transplant recipients: a multicenter cohort study. Clin Infect
Dis 2013;56:817-24.

Annals of Clinical Microbiology 2021 June Vol.24(2)

42



Safety and Effectiveness of Cytomegalovirus Specific Antigen Induced Interferon-Gamma ELISPOT/ELISA: A Systematic Review

29.

30.

3L

32.

33.

34.

35.

Paouri B, Soldatou A, Petrakou E, Theodosaki M, Tsentidis C, Kaisari K, et al. Quantiferon-
Cytomegalovirus assay: a potentially useful tool in the evaluation of CMV-specific CD8+
T-cell reconstitution in pediatric hematopoietic stem cell transplant patients. Pediatr Transplant
2018;22:¢13220.

Sood S, Haifer C, Yu L, Pavlovic J, Gow PJ, Jones RM, et al. Targeted individual prophylaxis
offers superior risk stratification for cytomegalovirus reactivation after liver transplantation.
Liver Transpl 2015;21:1478-85.

Sood S, Haifer C, Yu L, Pavlovic J, Gow PJ, Jones RM, et al. Early viral-specific T-cell testing
predicts late cytomegalovirus reactivation following liver transplantation. Transpl Infect Dis
2018;20:¢12934.

Thompson G, Boan P, Baumwol J, Chakera A, MacQuillan G, Swaminathan S, et al. Analysis
of the QuantiFERON-CMYV assay, CMV viraemia and antiviral treatment following solid
organ transplantation in Western Australia. Pathology 2018;50:554-61

Kotton CN, Kumar D, Caliendo AM, Huprikar S, Chou S, Danziger-Isakov L, et al. The third
international consensus guidelines on the management of cytomegalovirus in solid-organ
transplantation. Transplantation 2018;102:900-31

Razonable RR and Humar A. Cytomegalovirus in solid organ transplant recipients-guidelines
of the American society of transplantation infectious diseases community of practice. Clin
Transplant 2019;33:¢13512.

Ruan Y, Guo W, Liang S, Xu Z, Niu T. Diagnostic performance of cytomegalovirus (CMV)
immune monitoring with ELISPOT and QuantiFERON-CMYV assay in kidney transplantation:
a PRISMA-compliant article. Medicine 2019;98:¢15228.

Annals of Clinical Microbiology 2021 June Vol.24(2)

43



