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Abstract: Cytomegalovirus (CMV) is a pervasive DNA virus that infects a significant portion 

of individuals worldwide, and may be transmitted through the transfusion of blood products. 

Although CMV infection is of little consequence in immunocompetent individuals, patients 

with an impaired immune system are at risk of significant morbidity and mortality. Unlike 

other blood-borne infectious agents, it is impractical to defer all CMV-positive individuals from 

blood donation as this would exclude a substantial number of otherwise eligible donors. Other 

methods such as transfusion of CMV-seronegative and leukoreduced blood products must be 

employed to prevent the transmission of CMV to at-risk patients. In this study, the widespread 

use of current strategies for the prevention of transfusion-transmitted CMV (TT-CMV) infection 

and the evidence to support these methods in various at-risk groups were reviewed. In addition, 

emerging pathogen inactivation technologies that have the potential to eliminate TT-CMV were 

also discussed.

Keywords: blood transfusion, cytomegalovirus, leukoreduction, pathogen inactivation, hema-

topoietic stem cell transplantation, very low birth weight infants

Introduction
Human cytomegalovirus (CMV) is an ubiquitous, enveloped, double-stranded DNA 

virus belonging to the Herpesviridae family. Because CMV is limited to humans and 

does not survive long in the environment, primary infection requires close or intimate 

contact with the body fluids of a CMV-positive individual.1 Like other herpesviruses, 

primary CMV infection is followed by a lifelong latent infection of the host. For CMV, 

CD34+ hematopoietic progenitor cells serve as an important reservoir for latent virus.2 

CMV is also present in an estimated 0.004%–0.12% of peripheral blood monocytes, 

with each infected cell containing 2–13 viral genomes.3–7 Reactivation of latent CMV 

infection can occur later in life as a result of immunosuppression due to disease, stem 

cell transplantation, or solid organ transplantation. In most populations, CMV has a 

high seroprevalence rate, ranging from ~30%–40% in Western populations to >90% 

in the Middle East, Asia, and Africa (Figure 1).8–11 In the USA, the CMV-seropositive 

rate after the age of 6 years is 58.9% and increases 1% per year, reaching 90% by the 

age of 80 years.12

In immunocompetent hosts, CMV infection is usually asymptomatic, although 

some individuals experience an infectious mononucleosis-like syndrome. However, in 

immunocompromised individuals, this  infection can lead to a life-threatening illness 

including pneumonia, enterocolitis, retinitis, encephalitis, and hepatitis.13–16 Groups 

at risk of severe disease from either primary CMV infection or reactivation of latent 
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CMV infection include allogeneic hematopoietic stem cell 

transplant (HSCT) recipients, solid organ transplant recipi-

ents, patients with hematologic malignancies, fetuses, and 

premature infants with very low birth weight (VLBW). 

Transmission of CMV infection through blood transfu-

sion was first recognized >50 years ago in patients who had 

developed an infectious mononucleosis-like syndrome after 

transfusion.17–20 Historically, the incidence of transfusion-

transmitted CMV (TT-CMV) infection has been reported to 

be as high as 13%–37% in immunocompromised patients.21 

Since then, the prevention of TT-CMV infection has become 

an important priority, especially in the abovementioned 

high-risk patient groups. Unlike other viruses that can be 

transmitted by blood transfusion, it is impractical to defer all 

CMV-positive blood donors given the high rate of seropreva-

lence in nearly all populations. Therefore, other strategies to 

prevent TT-CMV infection must be considered which do not 

require permanent removal of a large portion of otherwise 

eligible blood donors from the donor pool.

CMV seroconversion in 
blood donors
Before discussing the strategies that are used to reduce the 

risk of TT-CMV infection, it is first important to review 

the natural course of CMV infection in immunocompetent 

healthy blood donors. Until recently, the window period 

between initial CMV infection and seroconversion was 

estimated to be 6–8 weeks.22 However, data by Ziemann et 

al indicated that only ~25% of donors have evidence of vire-

mia, with low levels of CMV DNA (<30 IU/mL) detectable 

in their plasma during the window period (Figure 2).23 The 

counterintuitive reality is that the highest concentration of 

circulating CMV and the highest risk of TT-CMV infection 

occur shortly after seroconversion, but before neutralizing, 

high-avidity antibodies are formed. Seroconversion is ini-

tially characterized by the production of non-neutralizing 

IgM and low-avidity IgG antibodies directed against non-

structural immediate early CMV antigens and early CMV 
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Figure 2 Relative time course of primary CMV infection in immunocompetent 
individuals. After a window period of approximately 2–3 weeks, non-neutralizing IgM 
(not shown) and IgG antibodies to CMV are formed, accompanied by an increase in 
CMV DNA in peripheral blood. Subsequent clearance of CMV DNA coincides with 
development of neutralizing anti-CMV IgG. Data from Ziemann et al,23 Ziemann et 
al,24 and Gerna et al.25

Abbreviations: CMV, cytomegalovirus; WBC, white blood cell; IgG, immunoglobulin 
G; IgM, Immunoglobulin M.
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antigens. This is accompanied by an increase in the quantity 

of circulating cell-free CMV DNA in plasma (up to 1,600 

IU/mL) in 80% of newly seroconverted donors.23 In another 

study, Ziemann et al detected CMV DNA in plasma for a 

median of 107 days, which was considerably longer than the 

leukocyte fraction (median =77 days).24 Clearance of detect-

able CMV DNA from both white blood cells (WBCs) and 

plasma required a median of 137 days (range, 0–269 days). 

In a related study, Gerna et al found detectable viral DNA 

in whole blood samples of immunocompetent subjects for 

a median of 85 days, whereas prolonged viremia (median 

=235 days) was observed in immunocompromised solid 

organ transplant recipients.25

The clearance of CMV from blood coincides with the 

development of neutralizing antibodies. In general, these 

antibodies are directed against specific glycoproteins of the 

viral lipid envelope. The best studied of these are antibodies 

against glycoprotein B (gB), a viral envelope protein that is 

necessary for virus entry and cell-to-cell spread.24,26 On aver-

age, neutralizing antibodies to gB1 and gB2 are detected ~11 

days and 62 days after seroconversion, respectively.24 With 

time, there is formation of high-avidity neutralizing anti-

bodies (mean =141 days after seroconversion) and a loss of 

IgM antibodies (mean =220 days after seroconversion) with 

complete clearance of detectable CMV DNA (Figure 2).24 

After resolution of primary infection and clearance of 

plasma-free virus, latent infection is established during 

which CMV in the peripheral blood is confined to WBCs, 

predominantly monocytes. However, the number of latently 

infected monocytes is usually at levels that are below the 

limit of reliable detection. In healthy long-term seropositive 

donors, it seems that there are rare episodes of reactivation 

during which CMV DNA is detectable in plasma. Of 7,303 

long-term seropositive donors tested, only one donor (0.01%) 

was found to have detectable CMV DNA in plasma.27

Strategies for the reduction of 
TT‑CMV infection
The most obvious strategy for the prevention of TT-CMV 

infection is transfusion of blood products from only CMV-

seronegative donors to at-risk patients. Although this has 

proven to be an effective strategy since the 1980s, it carries 

a significant disadvantage of excluding a large portion of the 

donor population with the resultant difficulties in maintaining 

an adequate supply of CMV-seronegative blood products.28–33 

In addition, the use of CMV-seronegative blood cannot com-

pletely eliminate the risk of TT-CMV infection, given the real 

possibility of window period donations.34 However, the risk 

of TT-CMV infection as a result of window period donations 

seems to be low, especially given the previously discussed 

finding that the peak levels of CMV DNA in primary infec-

tion occur only after seroconversion. Indeed, a recent study 

that included polymerase chain reaction (PCR)-based testing 

of plasma samples from 18,405 individual donors identified 

only one CMV DNA-positive window-period donor.35 In 

another study that included testing of 13,236 blood samples 

from CMV-seronegative donors, only two of them (0.02%) 

were positive for plasma CMV DNA.27

The other common method for decreasing the risk of TT-

CMV infection is leukoreduction (LR) of blood products. As 

CMV infection is restricted to small numbers of WBCs dur-

ing latent infection, the removal of these WBCs significantly 

decreases the risk of TT-CMV infection.36–38 Leukofiltration 

using filters composed of cellulose acetate, polyurethane, 

polycarbonate, or polyester is the most common method for 

leukodepletion of whole blood-derived components.39 The 

pore size of these filters is designed to impede the passage 

of leukocytes, but allow the passage of erythrocytes and 

platelets. Although bedside leukofiltration was commonly 

used in the past, quality control is extremely difficult with 

this method. In addition, delay in LR until the time of transfu-

sion allows for the accumulation of inflammatory cytokines 

during storage, which are implicated in febrile nonhemolytic 

transfusion reactions.40 Hence, prestorage leukofiltration has 

become the widely accepted standard. For blood products 

collected by apheresis, various techniques are employed, 

including counterflow centrifugation, fluid particle bed 

separation, elutriation, and flow path geometry, in order to 

yield a collection product that is leukodepleted.39 

The minimum viral load required for TT-CMV infection 

has not been well established in humans, as most estimates 

were based on mouse models. By extrapolating findings 

from experiments using murine CMV in mice, Roback et 

al estimated that WBC doses of <4×105 per kg would be 

unlikely to cause CMV infection in humans who are trans-

fused with CMV-positive blood products.41 In a 70 kg adult, 

this amount would correspond to ~2.8×107 WBCs, which 

is a much greater quantity than the  American Association 

of Blood Banks standard of <5×106 WBCs in leukoreduced 

units. Current methods of prestorage LR are highly reliable, 

with only rare (0.01%–0.11% of units) instances of fail-

ure.42,43 Because LR also decreases the incidence of febrile 

nonhemolytic transfusion reactions and human leukocyte 

antigen alloimmunization, nowadays, the vast majority of 

blood products are leukoreduced, and universal LR of blood 

products has been implemented in many countries.44,45 
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Although LR is very effective in removing leukocyte-

associated CMV, it cannot remove CMV present in plasma.11 

As a result, it is theoretically possible that a newly infected 

blood donor could transmit CMV despite effective LR. 

Although there is some evidence that cell-free CMV DNA in 

plasma may be infectious, this is not certain and a minimum 

infectious dose has not been characterized.42,46 This potential 

risk has led to proposals that LR-only blood products be 

collected from donors who have been seropositive for at 

least 1 year or that the donors also be screened for CMV by 

PCR.34,45,47 However, it remains to be determined whether 

the latter would be a cost-effective way to further decrease 

the risk of TT-CMV infection. For example, a recent study 

detected CMV DNA in the plasma of only 0.03% of blood 

donors.35 Similarly, Ziemann et al reported reproducibly 

detectable CMV DNA in the plasma of only 0.05% of 

unselected donors.27 Only a small minority of this small 

percentage of CMV DNA-positive blood products would 

be transfused to patients at risk of disease from TT-CMV 

infection. 

Prevention of TT-CMV infection in 
specific patient groups
Over the past four decades, there have been many relatively 

small studies examining the prevention of TT-CMV infec-

tion in various at-risk patient groups. The most well-studied 

groups have been HSCT patients and VLBW infants, with 

fewer studies on other patient populations. The evidence sup-

porting the various methods for the prevention of TT-CMV 

infection in each of these groups is discussed in the following 

sections (summarized in Table 1).

HSCT patients
CMV infection remains an important cause of morbidity and 

mortality in allogeneic HSCT recipients, with a much lower 

incidence of CMV disease in autologous HSCT patients.48 

Historically, the mortality rate from CMV pneumonia in 

this patient population was as high as 85%.31 Although the 

mortality rate from CMV pneumonia has decreased with the 

introduction of ganciclovir and intravenous immunoglobulin 

therapy, it remains an important complication, with mortality 

rates remaining at >50%.48 Both allogeneic and autologous 

CMV-seropositive recipients (R+) are at the highest risk of 

CMV disease primarily due to the reactivation of a latent 

CMV infection.31 The risk of CMV reactivation and infec-

tion is even higher in CMV-seropositive allogeneic recipients 

transplanted with a CMV-seronegative donor (D−/R+).49,50 

CMV-seronegative recipients transplanted with a CMV-

seropositive donor (D+/R−) are also at high risk of CMV 

infection. However, the mechanism in these patients is 

primary infection from the CMV-seropositive donor. The 

estimated risk of CMV transmission in this scenario is 

~20%–30%.13 

CMV-seronegative recipients who receive a transplant 

from a CMV-seronegative donor (D−/R−) are at the lowest 

risk of CMV infection and disease. However, CMV disease 

may occur in D−/R− patients in the setting of primary CMV 

infection. TT-CMV was the historical major route of infec-

tion in D−/R− patients with a risk of CMV infection ranging 

from 28% to 57% with standard, unfiltered CMV random 

blood products.51 However, in recent decades, this rate of TT-

CMV infection has been markedly decreased with changes 

in transfusion practice. 

The effectiveness of blood products from CMV-

seronegative donors in preventing TT-CMV infection in D−/

R− HSCT patients was demonstrated by Bowden et al in a 

study that included 57 D−/R− patients who were randomized 

to receive either CMV-seronegative blood products or CMV-

untested blood products.31 Only one of 32 (3.1%) patients 

who received CMV-seronegative blood products developed 

CMV infection compared with eight of 25 (32%) patients 

transfused with CMV-untested blood products (P<0.007). 

These results were confirmed in subsequent studies.32 How-

ever, in the late 1980s and early 1990s, several observa-

tional studies showed markedly reduced or absent TT-CMV 

infection in HSCT recipients who transfused with LR-only, 

CMV-untested blood products.52–54 These findings were fol-

lowed by a seminal study conducted by Bowden et al that 

included 502 D−/R− HSCT patients who were prospectively 

randomized to receive CMV-seronegative or LR-only blood 

products.51 The primary endpoint of this study was chosen 

to be CMV infection and/or disease (clinical symptoms with 

tissue biopsy evidence of CMV infection) that developed 

Table 1 Recommendations for the prevention of TT-CMV 
infection in patient group

Condition Recommended strategy

Hematopoietic stem cell 
transplantation

LR only

Solid organ transplantation LR only
Hematologic malignancy LR only
HIV infection LR only
Rheumatic diseases LR only
Premature very low birth weight 
infants

LR/CMV-seronegative or LR only

Intrauterine transfusion of fetuses LR/CMV-seronegative or LR only
Pregnant women LR/CMV-seronegative or LR only

Abbreviations: CMV, cytomegalovirus; LR/CMV, leukoreduction and CMV-
seronegative; LR, leukoreduction; TT-CMV, transfusion-transmitted CMV.
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>21 days after transplantation: CMV infections occurring 

<21 days after transplantation could arise from exposures 

other than transfusion and were excluded. No significant 

difference in the probability of CMV infection (1.3% versus 

2.4%, P=1.0) or disease (0% versus 1.2%, P=0.25) was found 

at >21 days between patients who received CMV-seronegative 

and LR-only blood products, respectively. There was also no 

significant difference in CMV infection (1.4% versus 2.4%, 

P=0.5) between the two groups in a secondary analysis that 

included CMV infection that occurred at ≤21 days after 

transplantation. However, there was a small statistically 

significant lower probability of clinical CMV disease in the 

CMV-seronegative arm (0% versus 2.4%, P=0.03) than in 

the LR arm. 

Although the overall results supported the equivalence 

of LR blood products and CMV-seronegative blood products 

in the prevention of TT-CMV infection in HSCT patients, 

some residual concern persisted about the safety of LR blood 

products, given the slightly higher probability of CMV disease 

in the LR arm of this study. These concerns persisted after a 

subsequent study by Nichols et al found a higher incidence of 

TT-CMV infection among HSCT patients who received any 

LR blood product than among those who received only CMV-

seronegative products (5.6% versus 2.0%, P=0.05).55 However, 

this was a nonrandomized observational study in contrast to 

that of Bowden et al, with several confounding factors, includ-

ing the fact that all the patients in the LR group of this study 

received both LR and CMV-seronegative blood products. In 

particular, the patients in the LR group only received LR/

CMV random blood products as an alternative when CMV-

seronegative blood products were unavailable. In addition, the 

blood product requirements of the patients in the LR group 

were significantly higher than that of the group that received 

only CMV-seronegative units (mean =35.1 units versus 12.4 

units, P=<0.001), thereby resulting in more donor exposures. 

A recent meta-analysis of the combined data from the studies 

by Bowden et al and Nichols et al and one additional smaller 

study found no statistically significant difference in the risk of 

TT-CMV infection between LR-only blood products and CMV-

seronegative blood products (relative risk [RR] =2.18 for LR 

blood products; 95% confidence interval [CI] =0.96–4.98).56

Although these older studies are helpful in supporting the 

equivalence of LR-only blood products to CMV-seronegative 

blood products, it is important to remember that many of these 

studies were carried out by using bedside leukofiltration as a 

means of LR, a method that is not nearly as consistent as the 

prestorage leukofiltration that is currently in widespread use. 

In addition, the LR filters used in many of the older studies 

were not as effective as the current-generation filters. There-

fore, LR may be more effective now than in the past as a means 

of prevention of TT-CMV infection. Accordingly, two studies 

published within the past 6 years each reported no cases of 

TT-CMV infection among a combined group of 123 D−/R− 

HSCT patients with a combined transfusion of ~8,000 LR/

CMV-untested (LR-only) blood products.33,57 Based on these 

data, the risk of TT-CMV infection with CMV-untested blood 

products that undergo prestorage leukodepletion with current-

generation LR filters seems to be very low. These findings 

contrast sharply with those of Wu et al who reported three 

cases of possible TT-CMV infection among 46 previously 

CMV-seronegative patients transfused with leukoreduced 

blood products that had not been prospectively screened 

for CMV status.58 Although each of these three patients had 

received blood products from CMV-seropositive donors, none 

of the implicated donors’ available serum samples were posi-

tive for CMV DNA (no cellular samples were available for 

testing of WBC-associated CMV DNA). In addition, two of 

these three patients with presumed TT-CMV infection had 

reported risk factors for community-acquired CMV infection 

unrelated to transfusion, such as sick contacts and living with 

young children. Therefore, while TT-CMV infection seems 

to be a possibility, these cases of putative TT-CMV infection 

may be viewed with some degree of skepticism. 

In an era when LR is the standard for nearly all blood 

products, the most pertinent question today is whether 

there is any clinical benefit to requiring both LR and CMV-

seronegative products (“belt-and-suspenders” method) for 

patients at risk of TT-CMV infection. A relatively recent 

observational study published in 2013 by Kekre et al exam-

ined the risk of CMV viremia in 89 D−/R− HSCT patients 

who were transfused with LR/CMV-seronegative blood 

products compared with 77 patients who were transfused 

with LR-only blood products.59 There was no statistically 

significant difference in CMV infection between these two 

cohorts (P=0.6244). In fact, CMV viremia was detected in 

three patients (3.37%) in the LR/CMV-seronegative group 

compared with only one patient (1.30%) in the LR-only 

group. An older study by Ljungman et al that included blood 

products that were leukoreduced by bedside leukofiltration 

also found no statistically significant difference in the rate 

of CMV infection in HSCT patients who were transfused 

with LR/CMV-seronegative blood products (9.1% versus 

12.2% LR/CMV-untested).60 Meta-analysis of the combined 

data from both of these studies similarly found no signifi-

cant difference in the risk of TT-CMV infection in patients 

transfused using the “belt-and-suspenders” approach versus 
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those transfused with LR-only blood products (RR =1.02; 

95% CI =0.33–3.18).56 Although these studies are few in 

number with a high degree of uncertainty in the calculated 

RRs, there is no current evidence that LR/CMV-seronegative 

blood products are superior to LR-only blood products in the 

prevention of TT-CMV infection in HSCT patients. Until 

there is evidence to the contrary, the “belt-and-suspenders” 

approach in HSCT patients is not warranted, especially given 

the added expense and difficulty in maintaining an adequate 

CMV-seronegative blood supply.

Solid organ transplant patients
Like HSCT patients, recipients of solid organ transplants 

are at a substantial risk of CMV infection, reactivation, and 

disease that is unrelated to transfusion when either the donor 

or the recipient is CMV-seropositive. Therefore, the preven-

tion of TT-CMV infection is most important in D−/R− solid 

organ transplant recipients. Unfortunately, very few studies 

have been conducted to assess the efficacy of strategies to 

prevent TT-CMV infection in solid organ transplant patients. 

An early paper published by Preiksaitis et al described no 

cases of TT-CMV infection in eight D−/R− heart transplant 

recipients who received only CMV-seronegative blood 

compared with a rate of CMV infection of 20% (1 of 5) 

in the group of D−/R− patients who received unscreened/

non-LR blood.30 Although there has been a lack of any 

studies on the effectiveness of LR in preventing TT-CMV 

infection in the setting of solid organ transplantation, it is 

unlikely that solid organ transplant patients are at a higher 

risk of TT-CMV infection than HSCT patients. Therefore, 

data showing the effectiveness of an LR-only transfusion 

strategy in HSCT patients may be extrapolated to solid organ 

transplant patients. 

Hematologic malignancy patients
Although patients with hematologic malignancies are less 

likely to develop severe CMV infection and its sequelae than 

HSCT patients, it is important to prevent TT-CMV infection 

in CMV-seronegative patients. In addition, many of these 

patients may subsequently undergo stem cell transplanta-

tion. LR has been shown to be an effective method in this 

patient population in the prevention of TT-CMV infection.36,38 

Although head-to-head studies comparing CMV-seronegative 

versus LR-only versus LR/CMV-seronegative blood prod-

ucts in this patient population are lacking, it is unlikely that 

these patients would be at a higher risk of TT-CMV infec-

tion than HSCT patients. Therefore, in light of the evidence 

discussed above for HSCT patients, an LR-only approach for 

transfusion in patients with hematologic malignancies may 

be safely employed.

Human immunodeficiency virus (HIV) 
patients
Patients who are infected with HIV are at risk of CMV 

disease, through either primary infection or reactivation of 

latent CMV infection.61,62 CMV retinitis is by far the most 

frequent manifestation of CMV disease in HIV patients, 

but esophagitis, colitis, gastritis, encephalitis, hepatitis, and 

pneumonitis have also been described in this population.61,63 

Although CMV infection through the transfusion of blood 

products is certainly plausible, the actual risk of TT-CMV 

infection in HIV patients is unknown.62,64 To the authors’ 

knowledge, there are no documented cases in the literature 

of TT-CMV infection as a cause of primary CMV infection 

and CMV disease in HIV patients. Not surprisingly, there 

have been no studies examining the most effective approach 

for the prevention of TT-CMV infection in this popula-

tion. As in the case of solid organ transplant patients and 

hematologic malignancy patients, the authors’ institution 

employs an LR-only approach based on the extrapolation 

of data showing the effectiveness of this strategy in the 

HSCT population.

Patients with rheumatic diseases
Because patients with rheumatic diseases are often treated 

with immunosuppressive therapy, they are at risk of symp-

tomatic CMV infection.65 However, there are no reported 

cases in the literature of TT-CMV infection in this population. 

Because it is unlikely that patients with rheumatic diseases 

would be at a greater risk of TT-CMV infection than HSCT 

patients, an LR-only transfusion strategy is reasonable in 

this group.

Premature VLBW infants, fetuses, and 
CMV-seronegative pregnant women
Congenital and postnatal CMV infections are a significant 

cause of morbidity and mortality among infants. Symptoms 

of congenital CMV infection in the neonatal period include 

hepatosplenomegaly, thrombocytopenia, petechiae, micro-

cephaly, ventriculomegaly, and chorioretinitis.66,67 Although 

the majority of infants with congenital CMV infection are 

initially asymptomatic at birth, both symptomatic and asymp-

tomatic infants are at risk of long-term sequelae including 

mental impairment, sensorineural hearing loss, visual loss, 

and motor deficits.66,68 
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The risk of congenital CMV infection is highest in 

CMV-seronegative women who acquire primary CMV 

infection during pregnancy with an overall rate of in utero 

transmission of ~20%–75%.69,70 The rate of congenital CMV 

infection varies according to the gestational age at which 

maternal CMV infection occurs, with the rates of 30%–42% 

in the first trimester, 34%–45% in the second trimester, and 

40%–78% in the third trimester.69–72 Infants with congenital 

infection are more likely to be symptomatic if the maternal 

CMV infection occurs early in pregnancy, particularly during 

the first trimester.72 In contrast, congenital CMV infection 

due to the reactivation of latent virus in CMV-seropositive 

women is uncommon.

Postnatal CMV infection in otherwise healthy full-term 

infants is usually asymptomatic and of little consequence. 

However, preterm VLBW (<1500 g) infants are at risk of 

severe postnatal CMV infection including pneumonia, 

hepatitis, neutropenia, thrombocytopenia, and enterocoli-

tis.73 These infants may also develop a sepsis-like syndrome 

(SLS) characterized by apnea, bradycardia, or respiratory 

deterioration.74 

The most frequent source of postnatal CMV infection 

is breast milk. CMV DNA is detectable in breast milk of 

up to 96% of seropositive mothers.75 Through incompletely 

understood mechanisms, local CMV reactivation occurs in the 

mammary glands of CMV-positive mothers, which coincides 

with the beginning of lactation.73 A meta-analysis by Lanzieri 

et al demonstrated a CMV transmission rate of 19% (95% CI 

=11%–32%) in VLBW infants who were fed untreated breast 

milk from CMV-positive mothers.74 Moreover, 10% (95% CI 

=5%–17%) of infants fed untreated milk developed symptom-

atic CMV infection, and 4% (95% CI =2%–7%) of infants 

suffered from CMV-SLS.74 The methods used to prevent CMV 

transmission through breast milk include holder pasteurization 

and freezing. Holder pasteurization (heating at 63°C for 30 min 

with subsequent rapid cooling) completely inactivates CMV, 

whereas freezing reduces the risk of CMV transmission but 

does not completely eliminate it.73,76 Although the frequen-

cies of CMV transmission (13%; 95% CI =7%–24%) and 

symptomatic CMV infection (7%; 95% CI =3%–14%) are 

lower among infants who are fed frozen milk, the percentage 

of infants who develop CMV-SLS (5%; 95% CI =2%–12%) 

is not different from that seen in infants fed untreated breast 

milk.74 Both pasteurization and freezing have been shown to 

alter the nutritional properties of breast milk, including a sig-

nificant reduction in fat, lactose, and energy content.77

Because of the dire complications of CMV infection 

described above, the prevention of TT-CMV infection is 

essential when administering blood products to fetuses in 

utero, CMV-seronegative pregnant women, and premature 

VLBW infants. The effectiveness of CMV-seronegative blood 

products in the prevention of TT-CMV infection in neonates 

was demonstrated in an older landmark study by Yeager et al, 

which was conducted prior to the availability of LR products. 

In their study, infants were randomized to receive CMV-

seronegative or CMV-untested blood products.29 In children 

born to CMV-seronegative mothers, there were no cases of 

CMV infection in infants transfused with CMV-seronegative 

blood products, whereas 13.5% of infants transfused with 

CMV-positive blood products developed CMV infection. In 

children born to CMV-seropositive mothers, CMV-seroneg-

ative blood provided no benefit (17.6% CMV-seronegative 

blood versus 15% CMV-seropositive), likely due to CMV 

transmission through breast milk. A subsequent randomized 

controlled trial performed by Gilbert et al found that LR was 

highly effective in reducing the rate of TT-CMV infection in 

infants of CMV-seronegative mothers (0% LR versus 21% 

non-LR; P=0.002).37 In the era of universal LR, Josephson 

et al showed that the transfusion of LR/CMV-seronegative 

(belt-and-suspenders) blood products completely prevented 

TT-CMV in a large cohort of 539 VLBW infants, of whom 

310 infants were transfused.43 Nearly all (27 of 38; 96%) 

cases of postnatal CMV infection were linked to breast milk 

that was positive for CMV DNA. Because all the transfused 

infants in the study by Josephson et al received only LR/

CMV-seronegative blood products with no comparison group, 

this study could not answer the question as to whether the 

belt-and-suspenders approach is superior to the transfusion 

of LR-only blood products. 

Unfortunately, there has never been a head-to-head 

randomized controlled trial comparing the effectiveness of 

LR/CMV-seronegative blood products to LR-only blood 

products in the prevention of TT-CMV infection in VLBW 

infants. Since the rate of TT-CMV would be expected to be 

very low in both the groups, such a trial would require the 

enrollment of a large number of susceptible infants in order 

to achieve statistical power to detect a significant difference 

between the two approaches.78,79 This fact, combined with 

the expense of conducting such a study, makes it unlikely 

that a randomized controlled trial will ever be performed. 

However, Delaney et al recently published the findings of a 

pilot study of LR-only transfusion in VLBW infants using a 

similar cohort design to the previous study by Josephson et al 

so that the results of the two studies might be compared.79 This 

small study detected no cases of TT-CMV infection using the 

LR-only approach (0 of 8; 95% CI =0%–25.3%) although the 
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95% CI was very wide, given that only 20 VLBW infants were 

enrolled among whom only eight were transfused. However, 

the authors showed that if a study of similar size to that of 

Josephson et al (~300 transfused infants) could be conducted 

using the LR-only approach, it should be possible to dem-

onstrate that the effectiveness of LR-only blood products 

is similar to that of LR/CMV-seronegative blood products 

in the prevention of TT-CMV infection.79 In the meantime, 

these and previous studies showed that both LR-only and 

LR/CMV-seronegative blood products are effective in the 

prevention of TT-CMV infection in VLBW infants and that 

either is an acceptable approach. However, it may be difficult 

to maintain a LR/CMV-seronegative blood supply depending 

on the CMV seroprevalence in the local donor population.

To the authors’ knowledge, there have not been any 

studies on the effectiveness of CMV-seronegative, LR-only, 

or LR/CMV-seronegative blood products in the prevention 

of TT-CMV infection in fetuses undergoing intrauterine 

transfusion or CMV-seronegative pregnant women. By 

extrapolating the data from other at-risk patient groups, it is 

reasonable to assume that each of these strategies is effective. 

However, as in VLBW infants, it is unknown whether LR/

CMV-seronegative blood products are superior to LR-only 

products in the prevention of TT-CMV infection. Therefore, it 

is not surprising that transfusion practices vary widely across 

different countries and hospital settings.45,80

Future directions
Until recently, the approach for preventing the transmission 

of infectious agents through blood transfusion has been 

largely reactive. For example, when an emerging pathogen is 

recognized as being transmissible through blood, new testing 

modalities are implemented to either screen donors or blood 

products for infection. However, there is inevitably a period 

of time between the recognition of the pathogen and imple-

mentation of screening during which the blood supply is at 

risk.81 This cycle has recently played out once more during 

the ongoing Zika virus pandemic.82 

Pathogen inactivation technologies (PITs) have the enor-

mous potential of shifting this paradigm. Two types of PITs, 

amotosalen/ultraviolet (UV) light (INTERCEPT™, Cerus 

Corporation, Concord, CA, USA) and riboflavin/UV light 

(Mirasol PRT®, Terumo BCT, Lakewood, CO, USA), are rel-

evant to the discussion of TT-CMV infection as these are the 

current technologies in widespread use for platelet products. 

Amotosalen is a psoralen compound that, when exposed to 

UV light, forms covalent bonds that result in cross-linking 

of nucleic acids, thereby rendering the pathogen incapable 

of carrying out transcription and replication.83 Riboflavin 

(vitamin B2) similarly attacks nucleic acids when activated 

by UV light but rather works through the oxidation of gua-

nine residues, which leads to single-strand breaks in DNA 

and RNA.84 Both technologies have been shown to prevent 

the transmission of murine CMV by platelet transfusion in 

mouse models.85,86 In addition to the benefit of preventing TT-

CMV, pathogen inactivation also prevents the transmission 

of bacteria and many other viruses. It also decreases the risk 

of transfusion-associated graft versus host disease through 

the inactivation of donor leukocytes, possibly obviating the 

need for irradiation of blood products in at-risk patients.87,88 

Although a licensed pathogen inactivation system is not 

yet available for red blood cells, the development of such a 

technology is in progress that uses S-303, a frangible anchor 

linker effector compound that crosslinks nucleic acids, and 

glutathione as a quencher to minimize the interaction of 

S-303 with plasma proteins.89,90 Adaptation of the riboflavin/

UV method of pathogen inactivation for packed red blood 

cells and whole blood is also underway. 

As with all significant changes to the blood supply, there 

has been appropriate debate as to whether the benefits of 

PITs outweigh the costs. In particular, patients receiving 

pathogen-reduced platelet transfusion have been shown to 

have an inferior corrected count increment and require 7% 

more platelet transfusions than those patients who receive 

standard platelet transfusion.91 However, these studies also 

demonstrated no significant difference in mortality, clini-

cally significant bleeding, or adverse events between these 

two groups of patients.91 Although these results support 

the equivalence of pathogen-reduced platelets and standard 

platelets in regard to outcomes, it is important to keep in 

mind that all such studies to date have been performed in 

the setting of prophylactic platelet transfusion, and the 

effectiveness of pathogen-reduced platelets in the context of 

massive transfusion, such as that occurs in trauma, remains 

to be prospectively studied by randomized controlled tri-

als.92 The use of PITs will certainly increase the cost of 

blood products, but this increase in cost is expected to be 

partially offset by the elimination of the need for irradiation 

and several types of infectious disease testing (eg, CMV, 

West Nile virus, and bacterial culture) in pathogen-reduced 

blood products.88

Although important questions remain in regard to imple-

mentation, PITs will likely end the long-running debate as to 

whether the addition of CMV-seronegativity to blood prod-

ucts that are already leukoreduced is necessary for optimal 

prevention of TT-CMV infection. 
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