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Summary 20 

The natural history of CMV infection is complex. Individuals may experience 21 

primary infection, reactivation of latent infection, or reinfection with a new 22 

strain despite natural immunity. The ability of this virus to continue to replicate 23 

despite substantial immune responses is attributable to the many immune 24 

evasion genes encoded within its genome. Given this complex natural history 25 

and immunology, the design of clinical trials of CMV vaccines may require 26 

components not usually found in trials of vaccines designed to protect against 27 

viruses that cause only acute infections. 28 

 29 

In this article, we focus on specific aspects of clinical trial design which could 30 

be adopted to address the complexities of CMV infections. We consider 31 

women of childbearing age, toddlers, recipients of solid organ transplantation 32 

and stem cell transplant patients, emphasizing the parallels between women 33 

and solid organ transplantation that could allow vaccines to be developed in 34 

parallel in both these patient groups. We emphasize the potential for studies 35 

of passive immunity to inform the selection of immunogens as candidates for 36 

active immunization and vice versa. We also illustrate how application of 37 

whole genomic sequencing could document whether vaccines protect against 38 

reactivation or reinfection of CMV, or both. 39 

 40 

 41 

Introduction 42 

The pressing need for a CMV vaccine to be used for universal immunization is 43 

discussed elsewhere in this supplement. In this chapter, we will build upon 44 
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extensive knowledge of CMV natural history and the clinical trials that have 45 

been performed so far to suggest trial endpoints and study designs for the 46 

future. We will emphasize the similarities between solid organ transplants and 47 

women of childbearing age, before considering immunization of toddlers 48 

(defined as children 12-36 months of age). Finally, we will consider stem cell 49 

transplant patients as a distinct population. 50 

 51 

Solid organ transplant patients 52 

Natural history studies show that CMV appears in the blood (viremia) of these 53 

patients in the first weeks after transplant, then rises to the high levels 54 

necessary to cause serious end-organ disease in the lungs, liver, 55 

gastrointestinal tract or retina.(1, 2) This adverse outcome can be routinely 56 

prevented by giving ganciclovir (or its prodrug valganciclovir) in one of two 57 

ways. For the strategy of prophylaxis, patients are given the drug for a fixed 58 

period of time, with clinical trials supporting a duration of either 100 days or 59 

200 days post-transplant.(3, 4) This strategy is effective while the drug is 60 

being taken, but some patients return with late onset disease once 61 

prophylaxis is stopped.(5, 6) For the strategy of pre-emptive therapy, no 62 

patient is given drug prophylactically, but they are all followed with regular 63 

blood tests to detect viremia.(7) Those who have a viral load above a defined 64 

threshold are then given ganciclovir or valganciclovir for a duration that is 65 

personalized for each patient by stopping therapy once two consecutive blood 66 

samples no longer have CMV DNA detectable by PCR.(7, 8)  67 

 68 



 5 

Both prophylaxis and pre-emptive therapy are clinically effective strategies 69 

that are recommended in clinical guidelines for managing solid organ 70 

transplant patients, but they have different characteristics.(9) One advantage 71 

of pre-emptive therapy is that it defines which patients have active infection 72 

with CMV and reveals significant differences in parameters of viral load 73 

between recipients (R) depending upon the baseline IgG results in the donor 74 

(D). Specifically, D+R- patients may experience primary infection; D+R+ 75 

patients are at risk of both reactivation of latent virus and reinfection with a 76 

new strain; while D-R+ patients are at risk of reactivation only. The viral load 77 

parameters include the proportion of patients with viremia, proportion of 78 

patients with high-level viremia sufficient to trigger treatment, duration of 79 

viremia, duration of treatment and peak viral load.(7) These viral load 80 

parameters are significantly different between the three groups such that high 81 

viral loads are found more frequently in D+R- patients. However, some 82 

patients in the D+R+ and D-R+ groups are at risk of developing high viral 83 

loads leading to end-organ disease. The type of end-organ disease 84 

experienced by each group is not different; only the risk of developing disease 85 

differs. These viral load parameters are sufficiently robust to be used to define 86 

the primary endpoint in phase 2 and phase 3 randomized clinical trials of 87 

antiviral drugs.(10) A second advantage of using pre-emptive therapy is that it 88 

allows experimental CMV vaccines to be compared with placebo for their 89 

ability to alter these post-transplant measures of viral load using a 90 

pharmacodynamic study design.(11) 91 

 92 
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Three phase 2 studies have now been conducted of CMV vaccines in solid 93 

organ transplant patients. Plotkin and colleagues gave the live-attenuated 94 

Towne vaccine strain to seronegative recipients and observed that, when they 95 

proceeded to renal transplant, the severity of CMV end-organ disease was 96 

significantly reduced, although the incidence was not.(12) This study was 97 

conducted before measures of viral load became available, but because a 98 

high viral load is required as a prerequisite for CMV end-organ disease, it is 99 

very likely that this vaccine reduced viremia.(1, 13-15) Griffiths and colleagues 100 

gave a vaccine consisting of glycoprotein B (gB) plus MF59 adjuvant to 101 

seronegative and seropositive candidates awaiting transplantation of a kidney 102 

or a liver.(11) The vaccine induced high levels of antibody against gB in 103 

seronegative patients and boosted the gB titers of those who were already 104 

seropositive. When the patients proceeded to transplant, the parameters of 105 

viral load were reduced in those who received vaccine compared to those 106 

who received placebo, with the most likely explanation being that the effective 107 

inoculum from donor to recipient had been reduced.(11) Note that this study 108 

design has the potential to differentiate reactivation from reinfection by 109 

collecting pre-transplant samples from seropositive recipients and (where 110 

available), donors for comparison with post-transplant strains by whole 111 

genome sequencing. The correlate of protection against CMV viremia was the 112 

titer of antibodies that individuals made against glycoprotein B.(11) Laboratory 113 

studies of the immune correlates of protection conferred by this vaccine are 114 

discussed in detail in the chapter by Nelson and colleagues in this supplement. 115 

Vincenti and colleagues studied a DNA plasmid vaccine composed of two 116 

immunogens, pp65 (a major target of cell-mediated immunity) and gB.(16) 117 
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They did not administer vaccine pre-transplant, but gave the first dose starting 118 

at day 30 post-transplant. There was no evidence that the vaccine was 119 

immunogenic and it did not reduce viral load parameters.(16) For future 120 

studies (table 1), we recommend that vaccine should only be given pre-121 

transplant for two reasons: first, it avoids the effect of immunosuppressive 122 

drugs, and second, because natural history studies show that infection is 123 

transmitted within hours of transplantation so that 50% of D+R- patients have 124 

already developed viremia by day 30.(7, 17) 125 

 126 

Once the correlate of protection against gB was defined as the antibody titer, 127 

one of us (PG) proposed to Genentech that randomized controlled trials 128 

should be conducted using monoclonal antibodies specific for this protein as a 129 

way of identifying preparations with potential clinical utility and defining 130 

mechanisms of action such as neutralization or ADCC.(11) Genentech 131 

decided to organize a multicenter, multinational phase 2 study to compare 132 

placebo with a combination of two monoclonal antibodies, one reactive with 133 

glycoprotein H and another reactive with UL131, a component of the 134 

pentameric complex that is necessary and sufficient for CMV to enter 135 

endothelial and epithelial cells.(18) A total of 120 seronegative recipients 136 

destined to receive a kidney from a seropositive donor were recruited. 137 

Compared to those given placebo, significantly fewer of the patients who 138 

received the combination of monoclonal antibodies had viremia post-139 

transplant.(18) This result confirms the proposal that humoral immunity is able 140 

to reduce transmission of CMV from donor to recipient and identifies antibody 141 

against surface proteins of CMV as a mechanistic correlate of protection.(11, 142 
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19) The result also defines quantitative and qualitative aspects of humoral 143 

immunity that should be present at the time of inoculation of virus in order to 144 

interrupt transmission. This information could now be adopted as a target for a 145 

series of phase 1 studies to determine if immunogens can be prepared that 146 

are able to induce antibodies with comparable potency. If so, these 147 

immunogens could then be compared with placebo given pre-transplant to 148 

determine if post-transplant parameters of viral load can be reduced. An 149 

iterative series of paired studies with passive and active immunization can be 150 

envisaged, leading ultimately to preparations of vaccine/adjuvant and 151 

monoclonal antibodies with clinical efficacy. It is recognized that such a series 152 

of studies may require collaboration between different pharmaceutical 153 

companies. 154 

 155 

Women of childbearing age 156 

Natural history studies show that approximately a third of women with primary 157 

CMV infection transmit CMV across the placenta.(20) As discussed in the 158 

chapter by Nelson and colleagues in this supplement, it has been difficult to 159 

identify laboratory measures of adaptive immunity that are able to reliably 160 

distinguish transmitting mothers from non-transmitters.(21) The possibility 161 

therefore exists that it is the difficult-to-measure innate immunity, acting in 162 

concert with adaptive immunity, that is responsible for protecting the fetus and 163 

that this protection can be overcome by a large inoculum of CMV. It follows 164 

that a vaccine given to women that is unable to completely protect against 165 

acquisition of primary infection in the mother may nevertheless be able to 166 

contribute to reduced transmission of virus in utero once that woman 167 
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becomes pregnant and is exposed to CMV. The implication for clinical trial 168 

design is that a smaller sample size may be sufficient to demonstrate 169 

reduction in congenital CMV infection than one based on the assumption that 170 

efficacy is due entirely to prevention of maternal primary infection. We 171 

suggest that these uncertainties could be addressed by designing an adaptive 172 

phase 2 plus phase 3 study with a large overall sample size and a Data 173 

Safety Monitoring Board given clear rules for when to stop recruitment due to 174 

apparent futility and when to move from phase 2 to phase 3 (table 2). During 175 

such a study, baseline samples could be collected from women, their children 176 

and partners to allow whole genome sequencing to be used to prove that a 177 

vaccine provided protection against congenital CMV following maternal 178 

acquisition from both sources(22) (figure 1). 179 

Two relevant randomized controlled trials have been published to date. Pass 180 

and colleagues conducted a phase 2 double-blind, randomized, placebo-181 

controlled study of gB/MF59 vaccine in seronegative post-partum women.(23) 182 

The vaccine provided approximately 50% protection against acquiring primary 183 

infection which approaches the value of 50 – 60% calculated to be required to 184 

control CMV transmission through herd immunity.(24, 25) However, the 185 

vaccine efficacy appeared to wane with time.(23) The same vaccine gave 186 

approximately 43% protection against primary infection when given to 187 

teenagers.(26) Laboratory studies of the immune correlates of protection 188 

conferred by this vaccine on adult women are discussed in detail in the 189 

chapter by Nelson and colleagues in this supplement and show similarities 190 

between those found in solid organ transplant patients given the same 191 

vaccine.(27, 28) 192 
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 193 

There are several issues to consider when planning a phase 3 study to 194 

demonstrate protection against primary infection of women and against 195 

congenital CMV infection (table 2). First, most women are unaware of CMV 196 

and how it is transmitted.(29) No double-blind, randomized placebo-controlled 197 

study has been conducted to show that women can take practical actions to 198 

reduce their risk of acquiring this infection during pregnancy, but there is 199 

theoretical and practical support for this possibility.(30) This means that an 200 

information sheet given to seronegative women contemplating entry into a trial 201 

evaluating a CMV vaccine may empower them to avoid exposures to CMV, 202 

thereby decreasing the rate of primary infection and increasing the sample 203 

size required to show that the vaccine is superior to placebo.  204 

 205 

A placebo-controlled phase 3 trial of passive immunity has also been 206 

conducted in pregnant women with proven primary CMV infection early in 207 

pregnancy by Revello and colleagues.(31) The women were randomized to 208 

receive infusions of immunoglobulin monthly and the primary endpoint was 209 

congenital CMV infection. In contrast to a previous uncontrolled study using 210 

the same preparation, and dosage, this randomized controlled trial showed no 211 

significant difference between the two groups despite a slightly lower absolute 212 

rate of transmission in the intervention group.(31) It should be noted that there 213 

was a trend in favor of adverse pregnancy outcomes, particularly prematurity, 214 

among the recipients of immunoglobulin.(31) It should also be noted that 215 

careful histologic examination of placentas from this study did not provide any 216 
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evidence that immunoglobulin reduced the damage caused by CMV to that 217 

organ.(32)  218 

 219 

Although this study provides no evidence for the use of this preparation, the 220 

experience gained shows that pregnant women with primary infection can be 221 

diagnosed in real time and recruited into studies of potential intervention.(31) 222 

A larger study with more power to detect a difference in transmission rates 223 

recently completed enrollment and results are pending (Clinicaltrials.gov). An 224 

obvious next candidate to be evaluated is the combination of monoclonal 225 

antibodies mentioned above that has significantly reduced transmission of 226 

CMV from kidney donor to recipient.(18) In order for these antibodies to 227 

transfer success from one patient group to another, it is not necessary for 228 

every step in the process to be identical. For example, as long as one step is 229 

shared between transmission of primary infection from organ donor to 230 

recipient and between maternal circulation to fetal circulation, then both 231 

patient populations could potentially benefit from the same pharmaceutical 232 

preparation. In practical terms, the demonstration of safety and efficacy in one 233 

human population would address the hesitancy created by requirements to 234 

treat pregnant women as a vulnerable population. 235 

 236 

As discussed above for solid organ transplantation, clinical trials of passive 237 

immunization could proceed in tandem with those of active immunization of 238 

mothers with each informing the other. 239 

 240 
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All of these studies have addressed primary CMV infection in seronegative 241 

women as a tractable target for clinical trial design. However, it should be 242 

recognized recent data suggests that most cases of congenital infection 243 

globally are born to women with non-primary infection.(33) We suggest that 244 

future vaccines should also be evaluated in the seropositive women identified 245 

while screening a population to identify seronegative women at risk of primary 246 

infection. If a vaccine provided evidence of safety in a placebo-controlled 247 

study of seropositive women it would remove the need for future serologic 248 

testing once the vaccine was licensed. If the study showed reduction in 249 

congenital CMV, then that would be a bonus and investigation of the potential 250 

immune correlates of protection would be informative. Indeed, by collecting 251 

baseline samples from women, their children and partners, the study could 252 

deploy whole genome sequencing to determine if a vaccine protected against 253 

subsequent congenital CMV caused by both reactivation and reinfection 254 

(figure 2). 255 

 256 

Immunization of toddlers 257 

As discussed elsewhere in this supplement, CMV is an important pathogen 258 

that may ultimately be controlled by universal immunization and so bring 259 

benefit to all those who receive a vaccine. However, we need to consider the 260 

possibility that any CMV vaccine may be deployed primarily to protect others, 261 

especially the mother and unborn sibling of a toddler. There is a precedent for 262 

this, in that the rubella component of MMR vaccine is used to prevent 263 

congenital rubella in a community, whereas the recipients benefit only from 264 
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prevention of rubella infection which is generally a mild infection at that age, 265 

not worthy of prevention. 266 

 267 

Building upon the comments made above about a high inoculum of CMV 268 

being potentially able to overcome the defense mechanisms that naturally 269 

restrict intrauterine transmission to one third of women with primary infection, 270 

we need to consider how this may affect design of clinical trials. A traditional 271 

study would give vaccine or placebo to toddlers and determine if they were 272 

subsequently protected against primary CMV infection. Development of a 273 

vaccine preparation that failed to achieve this would normally be stopped. 274 

However, if the vaccine gave partial protection such that the quantity of CMV 275 

found in the saliva and/or urine of the toddler were significantly reduced, this 276 

could provide useful protection to the mother and unborn sibling. A novel trial 277 

design is therefore required where vaccine or placebo are given to a toddler 278 

and the endpoints of the trial are reduced primary infection in the mother and 279 

congenital infection once the sibling is born (table 3). There are logistical 280 

challenges to organizing such a study, but these should not be 281 

insurmountable. We suggest that the parents in such a study should be asked 282 

to give consent for a vaccine "to reduce the effect that CMV may have on my 283 

family" to recognize the fact that the clinical benefit may accrue to the sibling 284 

rather than to the toddler who receives the vaccine. 285 

 286 

Stem cell transplant patients 287 

Traditionally, these patients are considered along with solid organ transplant 288 

patients. We have kept them in a separate category for several reasons. First, 289 
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the epidemiology is distinct from solid organ transplantation and women of 290 

childbearing age, both of whom experience primary infection, reinfection or 291 

reactivation. Specifically, almost all cases of viremia after stem cell 292 

transplantation come from reactivation of latent virus in the recipient.(34) The 293 

high-risk groups are those where the recipient is seropositive pre-transplant 294 

and the exogenous transmission of CMV from a seropositive donor is 295 

uncommon. In fact, there is evidence that seropositive donors can adoptively 296 

transfer specific immunity into the recipient.(35) In the absence of a licensed 297 

CMV vaccine, a study was conducted where recipients or donors or both or 298 

neither were given tetanus toxoid or hepatitis B vaccines pre-transplant. The 299 

results showed that administration of vaccine to either the donor or the 300 

recipient produced significantly higher antibody titers in the recipient post-301 

transplant.(35) When vaccine was given to both donor and recipient, the 302 

antibody titer was significantly higher than when vaccine was given to only 303 

one individual (table 4). 304 

 305 

This natural history study formed the basis of the design of a phase 2 306 

randomized, placebo-controlled trial to evaluate DNA plasmids encoding gB 307 

or pp65.(36) The study began by immunizing stem cell donors on four 308 

occasions pre-transplant as well as immunizing the corresponding recipients 309 

on four occasions post-transplant. While the study was in progress, changes 310 

to medical practice meant that sibling donors were less likely to be chosen 311 

than were HLA matched donors from international registries. This meant that 312 

it was logistically impractical to immunize donors any longer and so the study 313 

was completed by immunizing recipients only. The results provided 314 
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encouragement because the need for pre-emptive therapy was reduced and 315 

Elispot reactions to pp65 were proposed as a correlate of immune 316 

protection.(36) This vaccine therefore proceeded to a phase 3 study, whose 317 

headline negative result has recently been presented orally. When the results 318 

are published in detail, it will be necessary to consider whether changes in 319 

immunogenicity between the preparations used for phase 2 and phase 3 320 

and/or changes in study design, by omitting immunization of donors, might 321 

have been responsible for the disappointing results. 322 

 323 

For future studies, we suggest that investigators consider whether it would be 324 

possible logistically to return to study of immunization of stem cell donors as a 325 

way of discovering protective immune responses against CMV. We recognize 326 

that there is a pressing need to control CMV end-organ disease in this patient 327 

group and so studies will continue with immunization of recipients, but 328 

consider that the epidemiological and immunological differences are unlikely 329 

to allow information from this patient group to transfer readily to either solid 330 

organ transplantation or women of childbearing age. 331 

 332 

 333 

Figure 1. Common sources of cytomegalovirus for seronegative women and 334 

implications for sample collection and clinical trial design. 335 

 336 

By analogy with transplant patients at risk of CMV infection, family members 337 

are considered as donors of virus for the female recipient. Gray represents 338 

uninfected and red represents infected. Collection and storage of serial 339 
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samples from all family members is envisaged as part of clinical trial design. 340 

This would allow the strain of CMV causing congenital infection to be formally 341 

linked with the strain in the donor. 342 

 343 

 344 

 345 

Figure 2. Common sources of cytomegalovirus for seropositive women and 346 

implications for sample collection and clinical trial design. 347 

 348 

By analogy with transplant patients at risk of CMV infection, family members 349 

are considered as donors of virus for the female recipient. Gray represents 350 

uninfected and red represents infected. Collection and storage of serial 351 

samples from all family members is envisaged as part of clinical trial design. 352 

This would allow the strain of CMV causing congenital infection to be formally 353 

linked with the strain in the donor. Comparison with the infection rate among 354 

people receiving placebo would prove that a vaccine could protect against 355 

either reactivation of maternal infection or reinfection from a defined donor or 356 

both. 357 

 358 

 359 

 360 

 361 
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