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The role of HHV-6 in:
Stem Cell Transplant Patients
· encephalitis

· Cord Blood Transplant Complication
· gRAFT-vERSUS-hOST dISEASE

· cognitive dysfunction
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Selected Abstracts

THE ROLE OF HHV-6 IN HSCT

HHV-6 and Encephalitis

HHV-6 encephalitis is a growing concern, especially in cord blood transplants. Studies have shown around as many as 10% in the US and 12-16% in Japan develop encephalitis. Limbic encephalitis is common, resulting in intermittent confusion, poor coordination, flat affect and somnolence. Up to 80% of all HHV-6 encephalitis patients experience permanent neurological sequelae that do not allow them to return to society. Additional risk factors include steroid administration, alemtuzumab, thymobglobulin and unrelated donors.

RISK FACTORS FOR HHV-6 ENCEPHALITIS

1. Cord blood transplant (Mori 2010)

2. Alemtuzumab (Vu 2007)

3. Thymoglobulin conditioning (Hill 2011 abstract)

4. Steroids (Hill 2011, Ogata 2010)

5. Unrelated donors (Betts 2011)

6. Two or more HSCT (Mori 2010)
HHV-6 and Cognitive Dysfunction

HHV-6 reactivation is the most common cause of mental confusion among post-transplant patients (Zerr 2011). HHV-6-associated encephalitis also presents as retrograde and anterograde amnesia. 

HHV-6 and GVHD
HHV-6 reactivation is also a cause of major complications after allogeneic hematopoietic stem cell transplantation (HSCT) and has been associated with acute graft-versus-host disease (aGVHD), allograft rejections, central nervous system dysfunction and increased mortality (de Pagter 2008).
CONSEQUENCES OF HHV-6 REACTIVATION

· Grade III-IV GVHD 

· Increased all-cause mortality 

· Encephalitis

· Amnesia

· Cognitive dysfunction & memory loss
· Myocarditis/peridcarditis
· Liver disease
· Atypical interstitial pneumonia
· Colitis

· Kidney disease

· Bone marrow suppression

· Opportunistic infection
· Rash & fever
· Delayed engraftment
· Hepatobiliary disorders

HHV-6 & ENCEPHALITIS

HHV-6-Associated Post-Transplantation Acute Limbic Encephalitis Following Cord Blood Stem Cell Transplantation: A Cohort Analysis 

Joshua A Hill, MD1*, Sophia Koo, MD2*, Belisa Guzman Suarez, MD2*, Vincent T Ho, MD3, Corey Cutler, MD, MPH, FRCPC3, John Koreth, MBBS, DPhil3, Philippe Armand, MD, PhD3, Edwin P Alyea III, MD3, Lindsey R Baden, MD2*, Joseph H. Antin, MD3, Robert J Soiffer, MD3* and Francisco M Marty, MD2*
1Department of Medicine, Brigham and Women's Hospital, Boston, MA 2Division of Infectious Diseases, Brigham and Women's Hospital, Boston, MA 3Division of Hematologic Malignancies, Dana-Farber Cancer Institute, Boston, MA

[Unpublished abstract; oral presentation at the AHS, December 12, 2011 San Diego]
Human Herpesvirus-6 (HHV6) frequently reactivates after allogeneic hematopoietic stem cell transplantation (HSCT).  One serious manifestation of HHV6 reactivation is the syndrome of post-transplantation acute limbic encephalitis (PALE) associated with HHV6 reactivation in the central nervous system.  We previously described this disease after peripheral blood HSCT (PBSCT), but the epidemiology and characteristics of PALE in patients receiving unrelated cord blood transplantation (UCBT) is not well characterized.  We analyzed all patients undergoing allogeneic HSCT at our center from 3/2003 through 3/2010.  HHV-6-associated PALE (HHV6-PALE) was diagnosed in patients who had a positive CSF PCR test for HHV6 DNA in the context of a) acute-onset altered mental status, anterograde amnesia, or seizures and/or b) MRI or EEG abnormalities involving the limbic system with no other identifiable etiology.  A total of 1,344 patients underwent an initial HSCT during the study period: 725 from adult unrelated donors, 518 from adult related donors and 101 from UCB donors.  Fifteen patients underwent a second HSCT procedure (8 UCB and 7 PBSC) during the 100-day follow up period.  HHV6-PALE was diagnosed in 19 patients.  Two of these cases occurred after a subsequent UCBT. The cumulative incidence of HHV6-PALE was 1.4% for an overall incidence rate of 0.15/1000 patient-days (95% confidence interval (CI), 0.09-0.24).  HHV6-PALE incidence rate was higher among UCBT patients (10/101, IR 1.2/1000 patient-days) compared with the rest of the cohort (9/1243, IR 0.08/1000 patient-days, p<0.001).  Other relevant characteristics associated with HHV6-PALE included acute graft-versus-host disease (GVHD) grade II-IV (p=0.05), adult mismatched donor (p=0.03) and conditioning with thymoglobulin (p=0.003).  On multivariable Cox modeling, UCBT (adjusted HR 20.0, 95% CI, 7.3-55.0), adult mismatched donor (adjusted HR 4.3, 95% CI, 1.1-17.3) and time-dependent acute GVHD (adjusted HR 7.5, 95% CI, 2.8-19.8) remained significant.  Brain MRI abnormalities were limited to the limbic system in PBSCT recipients but extended beyond the temporal lobes in 2 UCBT patients.  Intravenous foscarnet was used to treat 18/19 patients for a median of 21 days (range, 7-42); time to treatment after symptom onset was a median of 3 days (range, 1-13) in PBSCT and 6 days (range, 1-13) in UCBT patients.  No PBSCT patients died from HHV6-PALE, although most patients had long-term neurocognitive deficits.  Five UCBT patients died a median of 45 days after transplant and 18 days after symptom onset.  Deaths occurred after similar courses punctuated by progressive encephalopathy and unresponsiveness requiring mechanical ventilation.  Of 68 UCBT patients who underwent plasma HHV6 PCR testing, 49 (72.1%) had positive results. All patients with HHV6-PALE had detectable HHV6 DNA in their plasma.  HHV6 PCR results were higher in patients with HHV-6 PALE (median 173,500 copies/mL, range, 7,100– >106) than in patients without HHV6-PALE (median 8,160 copies/mL, range, <1,000– >106, p=0.003).  Patients receiving UCBT are at increased risk for developing HHV6-PALE.  This disease has different characteristics after UCBT with greater morbidity and mortality.  Preventive strategies to minimize the impact of HHV6-PALE in this population need to be further evaluated.
Prospective Weekly Multiple Viral Monitoring in Blood Using Multiplex PCR Assay Early After Hematopoietic Stem Cell Transplantation

Taichi Ikebe, MD1*, Rumiko Tsuchihashi1*, Yuki Asano-Mori, MD1*, Hikari Ota, MD1,2*, Yuki Taya,

MD1*, Aya Nishida, MD1*, Sachi Tainosyo, MD1*, Kazuya Ishiwata, MD1*, Masanori Tsuji, MD1*, Hideki Araoka, MD3*, Naoyuki Uchida, MD, PhD1*, Koji Izutsu, MD, PhD1, Kazuhiro Masuoka, MD4*, Atsushi Wake, MD, PhD5, Akiko Yoneyama, MD, PhD3*, Shigeyoshi Makino, MD, PhD2* and Shuichi Taniguchi, MD, PhD1*

1Department of Hematology, Toranomon Hospital, Minato-ku, Tokyo, Japan 2Department of Transfusion Medicine, Toranomon Hospital, Minato-ku, Tokyo, Japan 3Department of Infectious Disease, Toranomon Hospital, Minato-ku, Tokyo, Japan 4Department of Hematology, Mishuku Hospital 5Hematology, Toranomon Hospital Kajigaya, Kawasaki, Japan

[Unpublished abstract presented at the AHS conference December 12, 2011 San Diego]
Results: A hundred patients who underwent HSCT at Toranomon Hospital from May to December 2010 were enrolled for this study. Median age was 52 (16-71) years old. Six patients who underwent autologous transplantation were included. In a total of 821 peripheral specimens obtained during the study period, HHV-6 was detected in 69.6%, CMV in 37.7%, BK in 13.2% and ADV in 7.7% of 471 PCR positive samples, and the detection rate of other virus was lower than 3.1%. The cumulative incidences of positive viral load due to HHV-6, CMV, BKV, ADV during the study period were 88.5%, 54.3%, 24.1%, and 11.6%. During the study period, 31 patients developed any viral infections with a cumulative incidence of 34.0%, at a median of 18 (-1-56) days after HSCT. Ten patients had 2 or more episodes of different viral infections, and a total of 45 infectious episodes were documented. HHV-6 encephalitis accounted for 33.3% of all viral infections during prophylactic foscarnet administration. Other common viruses included ADV 22.2 % (dissemination in 8, hemorrhagic cystitis (HC) in 2), and BKV 35.6 % (HC in all 22 patients). The sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were analyzed for common virus such as ADV, BKV and HHV-6. CMV was excluded CMV antigenemia-guided pre-emptive therapy successfully suppressed the onset of diseases. The sensitivity, specificity, PPV, and NPV for diagnosing ADV infections were 85.7%, 100.0%, 100.0% and 98.9%. These data suggest ADV monitoring is a useful strategy for predicting the onset of disease. The sensitivity, specificity, PPV, and NPV for diagnosing BKV associated HC were 61.1%, 86.6%, 50.0% and 91.0%, whereas those of the PCR assay with use of a threshold of 10000 copies/ml were 46.6%, 71.8%, 29.1% and 88.4% for diagnosing HHV-6 encephalitis.

Conclusion: Our multiple viral monitoring system using multiplex PCR assay was useful for detecting viral load kinetics for 13 species early after HSCT. As for ADV, viral load in blood detected in our assay had a high sensitivity and specificity for developing ADV infectious diseases. The sensitivity and specificity level for HHV-6 and BK was not as high as ADV because definite threshold level was not determined yet and HHV-6 encephalitis might be suppressed due to prophylactic foscarnet, these findings suggested that the multiplex PCR assay could be applied to the routine monitoring for viral infections in the early period after HSCT.
The Complex Relationship between Human Herpesvirus 6 and Acute Graft-versus-Host Disease.

Pichereau C, Desseaux K, Janin A, Scieux C, Peffault de Latour R, Xhaard A, Robin M, Ribaud P, Agbalika F, Chevret S, 
Socié G. Hematology/Transplantation, Service d'Hématologie Greffe, AP-HP, Hôpital Saint-Louis, Paris, France.

Biol Blood Marrow Transplant. 2011 Jul 27.
The most frequent manifestation of human herpesvirus 6 (HHV-6) reactivation after allogeneic hematopoietic stem cell transplantation (HSCT) is febrile rash, raising the question of its relationship with graft-versus-host disease (GVHD). In this retrospective analysis of 365 patients who underwent allogeneic HSCT, HHV-6 reactivation was significantly associated with cord blood transplantation (hazard ratio [HR], 3.20; P < .0001) and the use of unrelated donors (HR, 2.02; P = .008). On multivariate analysis, previous GVHD was a predictive factor for HHV-6 reactivation (HR, 1.80; P = .01), and previous HHV-6 reactivation was a predictive factor for acute GVHD (HR, 1.66; P = .03). Nineteen patients with no pathological evidence of GVHD later developed severe clinical GVHD (grade III-IV), suggesting the role of HHV-6 as a trigger for severe GVHD. Furthermore, 17 patients without histopathological GVHD demonstrated a significant lymphoid infiltrate suggesting "pure" HHV-6-related manifestations, and these patients could have been spared steroid therapy.

HHV-6 reactivation and its effect on delirium and cognitive functioning in hematopoietic cell transplantation recipients.

Zerr DM, Fann JR, Breiger D, Boeckh M, Adler AL, Xie H, Delaney C, Huang ML, Corey L, Leisenring WM.

Department of Pediatrics, University of Washington, Seattle, WA, USA. 

Blood. 2011 May 12;117(19):5243-9.

Human herpesvirus 6 (HHV-6) is detected in the plasma of approximately 40% of patients undergoing hematopoietic cell transplantation (HCT) and sporadically causes encephalitis in this population. The effect of HHV-6 reactivation on central nervous system function has not been fully characterized. This prospective study aimed to evaluate associations between HHV-6 reactivation and central nervous system dysfunction after allogeneic HCT. Patients were enrolled before HCT. Plasma samples were tested for HHV-6 at baseline and twice weekly after transplantation until day 84. Delirium was assessed at baseline, 3 times weekly until day 56, and weekly on days 56 to 84 using a validated instrument. Neurocognitive testing was performed at baseline and at approximately day 84. HHV-6 was detected in 111 (35%) of the 315 included patients. Patients with HHV-6 were more likely to develop delirium (adjusted odds ratio = 2.5; 95% confidence interval, 1.2-5.3) and demonstrate neurocognitive decline (adjusted odds ratio = 2.6; 95% confidence interval, 1.1-6.2) in the first 84 days after HCT. Cord blood and unrelated transplantation increased risk of HHV-6 reactivation. These data provide the basis to conduct a randomized clinical trial to determine whether prevention of HHV-6 reactivation will reduce neurocognitive morbidity in HCT recipients.

Long-term outcome of human herpesvirus-6 encephalitis after allogeneic stem cell transplantation.

Sakai R, Kanamori H, Motohashi K, Yamamoto W, Matsuura S, Fujita A, Ohshima R, Kuwabara H, Tanaka M, Fujita H, Maruta A, Ishigatsubo Y, Fujisawa S. Department of Hematology, Yokohama City University Medical Center, Yokohama, Japan. Biol Blood Marrow Transplant. 2011 Sep;17(9):1389-94.
Human herpesvirus-6 (HHV-6) encephalitis is recognized as a relatively rare, but sometimes lethal, complication of allogeneic hematopoietic stem cell transplantation (HSCT). Although the development of new diagnostic techniques and antiviral therapy has improved, the prognosis of encephalitis is still unclear. We surveyed 197 patients who underwent allogeneic HSCT between January 2004 and March 2008 at our institution, and 8 (4.0%) were diagnosed as having HHV-6 encephalitis. Five were male and 3 were female, with a median age of 40.5 years. The median onset of HHV-6 encephalitis was 18 days after HSCT, and the median duration of antiviral therapy was 41 days. The median survival time from the onset of encephalitis was 23.1 months (range: 2.7-66.7), and 3 patients died of unrelated causes (sepsis in 2 and gastrointestinal tract bleeding in 1). Cord blood transplantation was identified as the only independent risk factor (relative risk [RR] = 4.98; P = .049) by multivariate analysis. There was no statistical significance of survival after HSCT between the patients with HHV-6 encephalitis and those without HHV-6 encephalitis (the 2-year survival rate was 60% and 52.6%, respectively; P = .617). Four of the 5 surviving patients were unable to return to society because of neuropsychological disorders, including anterograde amnesia and seizures with prominent hippocampal atrophy. Although HHV-6 encephalitis occurring after HSCT is now becoming a curable complication, its sequelae, such as neuropsychological disorders, have a marked influence on the quality of life of long-term survivors. Accordingly, it is necessary to identify risk factors for HHV-6 encephalitis and establish methods for prevention of this complication.

Human herpesvirus 6 infection after hematopoietic cell transplantation: is routine surveillance necessary?

Betts BC, Young JA, Ustun C, Cao Q, Weisdorf DJ. Department of Medicine, University of Minnesota, Minneapolis, Minnesota, USA. Biol Blood Marrow Transplant. 2011 Oct;17(10):1562-8.

Human herpesvirus 6 (HHV6) may be an important pathogen following allogeneic hematopoietic cell transplantation (HCT). We prospectively evaluated weekly HHV6 viremia testing after allogeneic HCT using a quantitative polymerase chain reaction (PCR)-based assay. HHV-6 viremia was detected in 46 of 82 (56%) patients at a median of 23 days post-HCT (range: day +10 to +168). More males (65% vs females 39%, P = .03) and recipients of umbilical cord blood (UCB 69% vs unrelated donor [URD], 46% vs sibling donor [20%] grafts, P = 0.01) reactivated HHV-6. Patients with HHV6 viremia had more cytomegalovirus (CMV) reactivation (26% vs 5.5%, P = .01) and unexplained fever and rash (23.9% vs 2.7%, P = .01) compared with patients without HHV6 viremia. High-level HHV6 (≥ 25,000 copies/mL) versus lower levels were associated with more culture-negative pneumonitis (72.7% vs 22.8%, P = .01). Twenty HHV6-positive patients were treated with foscarnet, ganciclovir, or cidofovir for HHV6 or other coexistent viruses. Within 2 weeks, HHV6 viremia resolved more commonly in treated (65%) than untreated patients (31%), P = .02. Survival at 3 months was similar in treated and untreated patients (90% vs 81%, P = .4). Survival at 3 and 6 months post-HCT were not affected by HHV6 positivity (3 months HHV6+ 85% vs 78%, P = .46; 6 months HHV6+ 70% vs 72%, P = .89) or by HHV6 level (3-month high level 73% vs 89%, P = .23; 6-month high level 64% vs 71%, P = .54). Neither the occurrence of HHV6, degree of viremia, nor use of antiviral drugs influenced short-term survival after HCT.

Preemptive therapy of human herpesvirus-6 encephalitis with foscarnet sodium for high-risk patients after hematopoietic SCT.

Ishiyama K, Katagiri T, Hoshino T, Yoshida T, Yamaguchi M, Nakao S. Department of Cellular Transplantation Biology, Division of Cancer Medicine, Kanazawa University Graduate School of Medical Science, Ishikawa, Japan. Bone Marrow Transplant. 2011 Jun;46(6):863-9.

Human herpesvirus-6 (HHV-6) is a major cause of limbic encephalitis with a dismal prognosis after allogeneic hematopoietic SCT (HSCT). A prospective, multicenter study was conducted to assess the safety and efficacy of preemptive therapy with foscarnet sodium (PFA) for the prevention of HHV-6 encephalitis. Plasma HHV-6 DNA was measured thrice weekly from day 7 until day 36 after umbilical cord blood transplantation (UCBT) or HSCT from HLA-haploidentical relatives. PFA, 90 mg/kg/day, was started when HHV-6 DNA exceeded 5 × 10(2) copies/mL. Mild and transient adverse events were associated with PFA in 7 of 8 patients. Twelve of 15 UCBT recipients became positive for HHV-6 DNAemia, defined by greater than 1 × 10(2) copies/mL of HHV-6 DNA in plasma. The virus exceeded 5 × 10(2) copies/mL in seven patients, whereas none of the five HLA-haploidentical HSCT recipients became positive. One patient developed mild limbic encephalitis just after initial PFA administration. Preemptive PFA therapy is safe, but as HHV-6 DNAemia can abruptly develop before neutrophil engraftment in UCBT recipients, prophylactic PFA administration from day 7 or earlier after UCBT may be needed.

Human herpes virus 6 infection is a hallmark of cord blood transplant in adults and may participate to delayed engraftment: a comparison with matched unrelated donors as stem cell source.

Chevallier P, Hebia-Fellah I, Planche L, Guillaume T, Bressolette-Bodin C, Coste-Burel M, Rialland F, Mohty M, Imbert-Marcille BM. Service d'Hématologie Clinique, CHU de Nantes, Nantes, France. Bone Marrow Transplant. 2010 Jul;45(7):1204-11.

Occurrence of CMV, EBV and human herpes virus 6 (HHV6) infections and immune reconstitution were compared in 15 adult patients receiving a cord blood transplantation (CBT) and 40 patients who received an allogeneic transplantation from a matched unrelated donor (MUD). Herpes virus DNA quantifications in the blood (459 samples) were performed before and then monthly up to 9 months after transplant and the main lymphocytes populations were counted at 3, 6 and 9 months. Incidence of HHV6 infection was significantly higher in the CBT group (80 vs 42.5%; P<0.0001), with higher viral load (P<0.0001). In multivariate analysis, the use of a CBT and a myeloablative conditioning regimen were found to increase the risk of HHV6 infection (odds ratio (OR)=5.4, P=0.02 and OR=3.5, P=0.04, respectively). Incidences of CMV were similar between the two groups whereas MUD increased the risk of EBV infection, in univariate analysis only. HHV6 reactivation translated toward delayed neutrophils and plts engraftment in the two groups. MUD and CBT do not share the same immune reconstitution patterns, notably for B and CD8 lymphocytes and NK cells. There is a strong and specific relationship between HHV6 infection and the use of cord blood cells.
High incidence of human herpes virus 6-associated encephalitis/myelitis following a second unrelated cord blood transplantation.

Mori Y, Miyamoto T, Nagafuji K, Kamezaki K, Yamamoto A, Saito N, Kato K, Takenaka K, Iwasaki H, Harada N, Abe Y, Teshima T, Akashi K. Department of Medicine and Biosystemic Science, Kyushu University, Fukuoka, Japan.

Biol Blood Marrow Transplant. 2010 Nov;16(11):1596-602. 

Human herpes virus (HHV)6-associated limbic encephalitis and/or myelitis is one of the life-threatening central nervous system complications following allogeneic hematopoietic stem cell transplantation (HSCT). Recent reports have shown significant correlations of these complications with unrelated cord blood transplantation (UCBT). We retrospectively analyzed 228 allogeneic HSCT recipients in our single institution; 13 patients (5.7%) were diagnosed with HHV6-associated encephalitis/myelitis. This complication was documented in 8 of 51 UCBT recipients (15.7%) and 5 of 177 recipients (2.8%) transplanted with bone marrow or peripheral blood stem cells, indicating a higher incidence of this complication occurring in UCBT recipients (P = .0005). In addition, HHV6-associated encephalitis/myelitis occurred more frequently in recipients who underwent 2 or more HSCTs (7 of 59 recipients [11.9%]), compared to those who received only 1 HSCT (6 of 169 recipients [3.6%], P = .018). Of note, the incidence of this complication increased to 28.6% (6 of 21 recipients), when the analysis was restricted to a second or more UCBT recipients. All 13 patients presented preengraftment immune response prior to the onset of encephalitis. Two patients manifested typical symptoms at the onset of HHV6-associated encephalitis/myelitis, such as memory dysfunction, disorientation, and consciousness disturbance. However, 4 patients presented only with dysesthesia and pruritus, described as typical manifestations of patients with calcineurin-inhibitor-induced pain syndrome (CIPS), and the remaining 7 showed both symptoms, indicating that CIPS-like symptoms might be manifestations of HHV6-associated myelitis. Thus, physicians should be alert to this rare but often fatal complication, particularly for those who receive 2 or more HSCTs using UCB.
Spectrum of imaging findings in immunocompromised patients with HHV-6 infection.

Sauter A, Ernemann U, Beck R, Klingel K, Mahrholdt H, Bitzer M, Horger M.

Department of Diagnostic Radiology, Eberhard-Karls-University, Hoppe-Seyler-Str 3, 72076 Tuebingen, Germany.

AJR Am J Roentgenol. 2009 Nov;193(5):W373-80.

OBJECTIVE: The aim of this article is to review systemic manifestations of human herpes virus 6 (HHV-6) associated diseases in immunocompromised patients. CONCLUSION: The spectrum of HHV-6 associated disorders is broad, but radiologists are frequently not familiar with these disorders. In the clinical setting of acute infection in an immunocompromised patient, the presence of one of these findings (e.g., limbic encephalitis; atypical interstitial pneumonia; pericarditis or myocarditis; or, less commonly, gastrointestinal or hepatobiliary disorders) should raise the suspicion of a possible HHV-6 related complication.
Human herpes virus 6 plasma DNA positivity after hematopoietic stem cell transplantation in children: an important risk factor for clinical outcome.

de Pagter PJ, Schuurman R, Visscher H, de Vos M, Bierings M, van Loon AM, Uiterwaal CS, van Baarle D, Sanders EA, Boelens J. Department of Immunology/Haematology and BMT, University Medical Center Utrecht, Utrecht, The Netherlands. Biol Blood Marrow Transplant. 2008 Jul;14(7):831-9.

Human herpes virus 6 (HHV6) is known to reactivate after hematopoietic stem cell transplantation (HSCT), and has been suggested to be associated with severe clinical manifestations in adults. The clinical significance in children remains unclear. We investigated the incidence of HHV6 reactivation in relation to HSCT-associated morbidity and mortality in children. Between January 2004 and May 2006, 58 pediatric patients, median age 7.6 years (range: 0.1-18.1 years), received their first allogeneic HSCT. After HSCT, HHV6, Epstein Barr Virus (EBV), cytomegalovirus (CMV), and adenovirus (AdV)-plasma loads were weekly measured by quantitative PCR. Clinical features, engraftment, graft-versus-host disease (GVHD), and HSCT-associated mortality and morbidity were monitored. HHV6 reactivations were classified in group I (no reactivation), group II (loads <1000 cp/mL) and group III (loads >1000 cp/mL). CMV, EBV, Herpes Simpex Virus, Varicella Zoster Virus, and AdV-reactivations were treated according to local guidelines. HHV6 was treated only when there was clinical suspicion of disease. Thirty-six HLA-identical and 22 HLA nonidentical grafts were transplanted of which 43 were bone marrow or peripheral blood stem cells grafts and 15 were cord blood (CB) grafts. Median follow-up of the patients was 15.5 (1-35) months. HHV6 reactivation occurred in 39 of 58 (67%) patients with 31 of 39 (80%) occurring within the first 30 days post-HSCT. In 26 of 58 (45%) patients (group III), HHV 6 reactivation was significantly associated with higher non-relapse mortality (P = .02), using multivariate Cox proportional hazard models and grade 2-4 acute GVHD (P = .03) and chronic GVHD (P = .05) in a multivariate logistic regression analysis. HHV6 reactivation is very common after HSCT in children and is associated with serious transplantation-related morbidity and mortality. Although the exact role of HHV6 reactivation after HSCT has to be elucidated, early detection and initiation of therapy might be of benefit.

Human herpesvirus 6-associated limbic encephalitis in adult recipients of unrelated umbilical cord blood transplantation.

Matà S, Guidi S, Nozzoli C, Orsi A, Pratesi A, Mascalchi M, Moretti M, Letizia L, Rombolà G, Sorbi S, Bosi A.

Bone Marrow Transplant. 2008 Nov;42(10):693-5.

Umbilical cord blood transplantation (UCBT) has been shown to be curative in a variety of malignant and nonmalignant haematopoietic disorders in children. UCBT has also been offered to adult patients lacking a family or unrelated donor, but with higher rate of transplant-related mortality and infections.1 Human herpesvirus 6 (HHV-6) is a b-herpes virus, which causes exanthema subitum in children. HHV-6 reactivation has been increasingly recognized in allogeneic haematopoietic stem cell transplant recipients, particularly in UCBT where it has been estimated to occur in 87–100% of the cases.2–4 HHV-6 active infection may cause neurological disorders, which, in UCBT recipients, generally manifest with diffuse brain pathology, mainly involving white matter.5 In allogeneic haematopoietic stem cell transplant adult recipients, HHV-6 has been associated with limbic encephalitis (LE), a CNS disorder confined to the hippocampal regions, which causes anterograde amnesia and epilepsy.6,7 However, few data are available about this complication among adult UCBT recipients. We retrospectively analysed all consecutive episodes of HHV-6-related CNS involvement in adult (418 years old) patients receiving UCBT between January 1999 and May 2007 at the Bone Marrow Transplant Unit of Florence. The diagnosis was based on the presence of HHV-6 DNA in cerebrospinal fluid (CSF) once other causes (toxic or infective, including HV1 and HV2, EBV, CMV, BK, JC) of encephalopathy were excluded. PCR was performed according to the protocol of the commercial Herpes Consensus Generic Test (Argene Biosoft, Varilhes, France). Among 15 adult patients receiving UCBT, 2 developed acute neurological symptoms after transplantation; in both the cases, brain magnetic resonance imaging (MRI) and CSF PCR examination were suggestive of a HHV-6-related LE.

Human herpesvirus-6 encephalitis following allogeneic hematopoietic stem cell transplantation.

Vu T, Carrum G, Hutton G, Heslop HE, Brenner MK, Kamble R.

Center for Cell and Gene Therapy, Baylor College of Medicine and The Methodist Hospital, Houston, TX 77030, USA.

Bone Marrow Transplant. 2007 Jun;39(11):705-9. 

Immunosuppressive monoclonal antibodies directed to immune system cells may reduce rejection and graft versus host disease (GvHD) after allogeneic stem cell transplantation (SCT), but can increase the risks of viral infection. Here, we report human herpes virus-6 (HHV-6) encephalitis despite antiviral prophylaxis in 5 of 43 (11.6%) patients receiving alemtuzumab supported conditioning. Encephalitis occurred at 41-103 days (median 60 days) presenting with confusion in all patients, combined with amnesia (n=3) or seizures (n=2). MRI revealed non-specific white matter changes in two and a non-enhancing medial temporal lobe lesion in three patients. Cerebrospinal fluid (CSF) PCR amplification for HHV-6 was positive in all five patients, (600-2 25 000 (median 4700) copies/ml CSF), while analysis of peripheral blood revealed 100-22 500 (median 1200) viral copies/ml plasma. CSF protein was elevated in four patients, with minimal CSF pleocytosis. Intravenous foscarnet produced neurological improvement at 8-13 (median 11) days and negative plasma PCR at 30-66 (median 50) days. Four patients had complete neurological recovery, but one patient with persistent viral DNA in the CSF succumbed to progressive encephalopathy. Given this high incidence of HHV-6 and the possibility of successful outcome with prompt treatment, a high index of suspicion of this disorder is required in recipients of monoclonal antibody supported allografts.
Risk factors for developing human herpesvirus 6 (HHV-6) reactivation after allogeneic hematopoietic stem cell transplantation and its association with central nervous system disorders.

Yamane A, Mori T, Suzuki S, Mihara A, Yamazaki R, Aisa Y, Nakazato T, Shimizu T, Ikeda Y, Okamoto S.

Division of Hematology, Department of Medicine, Keio University School of Medicine, Tokyo, Japan.

Biol Blood Marrow Transplant. 2007 Jan;13(1):100-6.

We prospectively evaluated the incidence of human herpesvirus 6 (HHV-6) DNAemia after allogeneic hematopoietic stem cell transplantation (HSCT) using quantitative plasma real-time polymerase chain reaction. Of 46 recipients of bone marrow or peripheral blood stem cell transplantation (BMT/PBSCT) from related (n = 11) or unrelated donors (n = 22), and cord blood transplantation (CBT) from unrelated donors (n = 13), 22 (47.8%) developed HHV-6 DNAemia. HHV-6 DNA levels ranged from 200 to 200,000 copies/mL of plasma, and HHV-6 DNAemia was observed significantly more frequently after CBT than after BMT/PBSCT (92.3% vs 30.3%; P < .001). Multivariate analyses identified CBT (vs BMT/PBSCT), HLA mismatches between recipient and donor, and low anti-HHV-6 IgG titer before transplantation as the only risk factors for developing HHV-6 DNAemia. Three patients developed central nervous system (CNS) disorders with detectable HHV-6 DNA in the cerebrospinal fluid; all of these patients simultaneously developed HHV-6 DNAemia. These results suggest that HHV-6 DNAemia is frequently observed after allogeneic HSCT, especially in patients with the aforementioned risk factors. Thus, together with the assessment of risk factors, monitoring of HHV-6 DNAemia could be a useful asset in diagnosing HHV-6-associated CNS disorders.

Post-transplant acute limbic encephalitis: clinical features and relationship to HHV6.

Seeley WW, Marty FM, Holmes TM, Upchurch K, Soiffer RJ, Antin JH, Baden LR, Bromfield EB.

Department of Neurology, Brigham & Women's Hospital, Boston, MA, USA. wseeley@memory.ucsf.edu
Neurology. 2007 Jul 10;69(2):156-65.

Acute limbic encephalitis has been reported in the setting of treatment-related immunosuppression and attributed to human herpesvirus-6 (HHV6) infection. Clinical and laboratory features of the syndrome, however, have not been well characterized. We describe the clinical, EEG, MRI, and laboratory features of nine patients with acute limbic encephalitis after allogeneic hematopoietic stem cell transplantation (HSCT). To explore the relationship between HHV6 and this syndrome, we reviewed available CSF HHV6 PCR results from all HSCT patients seen at our center from March 17, 2003, through March 31, 2005. Patients displayed a consistent and distinctive clinical syndrome featuring anterograde amnesia, the syndrome of inappropriate antidiuretic hormone secretion, mild CSF pleocytosis, and temporal EEG abnormalities, often reflecting clinical or subclinical seizures. MRI showed hyperintensities within the uncus, amygdala, entorhinal area, and hippocampus on T2, fluid-attenuated inversion recovery (FLAIR), and diffusion-weighted imaging (DWI) sequences. CSF PCR assays for HHV6 were positive in six of nine patients on initial lumbar puncture. All patients were treated with foscarnet or ganciclovir. Cognitive recovery varied among long-term survivors. The one brain autopsy showed limbic gliosis and profound neuronal loss in amygdala and hippocampus. Among 27 HSCT patients with CSF tested for HHV6 over a 2-year period, positive results occurred only in patients with clinical limbic encephalitis. Patients undergoing allogeneic hematopoietic stem cell transplantation are at risk for post-transplant acute limbic encephalitis (PALE), a distinct neurologic syndrome. Treatment considerations should include aggressive seizure control and, possibly, antiviral therapy. PALE can be associated with the CSF presence of human herpesvirus-6, but the pathogenic role of the virus requires further exploration.

Human herpesvirus 6 meningoencephalitis in allogeneic hematopoietic stem cell transplant recipients.

Fujimaki K, Mori T, Kida A, Tanaka M, Kawai N, Matsushima T, Kishi K, Fujisawa S, Sakura T, Yokota A, Kanda Y, Taguchi J, Akiyama H, Kanamori H, Maruta A, Okamoto S, Sakamaki H. Department of Internal Medicine and Clinical Immunology, Yokohama City University, Graduate School of Medicine, Yokohama, Japan. kfujimaki@cancer.livedoor.com
Int J Hematol. 2006 Dec;84(5):432-7.

We retrospectively investigated the clinical characteristics of human herpesvirus 6 (HHV-6) meningoencephalitis within 100 days after allogeneic hematopoietic stem cell transplantation (HSCT). Of 1148 patients who received transplants between January 1999 and December 2003, 11 patients (0.96%) with HHV-6 meningoencephalitis were identified. Ten of 11 recipients received hematopoietic stem cells from donors other than HLA-identical siblings. Confusion was the most frequent central nervous system (CNS) symptom, and a skin rash with high-grade fever preceded the CNS symptoms in 9 patients. Magnetic resonance imaging of the brain showed an abnormal increased T2 signal in the hypothalamus of 5 patients. Eight patients were treated with ganciclovir, and an improvement of CNS symptoms was obtained in 3 patients; 3 patients treated with acyclovir showed no improvement. Improvement in the meningoencephalitis seemed less frequent in patients with abnormal findings in the hypothalamus than in those without such findings. Because the symptoms of HHV-6 meningoencephalitis mimicked those of cyclosporine- or tacrolimus-induced encephalopathy, the drugs were withdrawn at the onset of CNS symptoms in 10 patients, resulting in the development of grade IV graft-versus-host disease (GVHD) in 5 patients. Three patients died of HHV-6 meningoencephalitis, and 6 died of other causes, including GVHD. In conclusion, HHV-6 meningoencephalitis is a rare but potentially life-threatening complication in patients who undergo allogeneic HSCT. Careful assessment of the clinical findings and the brain may allow early and precise diagnosis of HHV-6 meningoencephalitis and contribute to improving its prognosis.

Human herpesvirus 6 DNA in plasma after allogeneic stem cell transplantation: incidence and clinical significance.

Ogata M, Kikuchi H, Satou T, Kawano R, Ikewaki J, Kohno K, Kashima K, Ohtsuka E, Kadota J.

Division of Pathogenesis and Disease Control, Department of Infectious Diseases, Oita University Faculty of Medicine, Japan. mogata@med.oita-u.ac.jp

 HYPERLINK "http://www.ncbi.nlm.nih.gov/pubmed/16323134" 
J Infect Dis. 2006 Jan 1;193(1):68-79.

Human herpesvirus 6 (HHV-6) is increasingly recognized as an opportunistic and potentially life-threatening pathogen in recipients of allogeneic stem cell transplants (SCTs).

To clarify the incidence and clinical relevance of active HHV-6 infection, serial titers of plasma HHV-6 DNA were determined for 50 allogeneic SCT recipients, using real-time polymerase chain reaction.

RESULTS: 

HHV-6 DNA was detected in plasma from 24 patients (48%). HHV-6 DNA was most frequently apparent approximately 14-27 days after transplantation. An increased risk of a positive result for HHV-6 DNA was associated with transplantation from an allelic-mismatch donor (P = .02) and administration of steroids (P = .04). Steroid use was associated with high HHV-6 DNA loads (P = .02). High HHV-6 DNA loads were correlated with delayed platelet engraftment (P = .04). Among patients who had positive results for HHV-6 DNA, the HHV-6 DNA load was higher in plasma from those who developed limbic encephalitis (n = 4) (P < .0001).

Active HHV-6 infection is not rare in SCT recipients. SCT from allelic-mismatch donors is associated with increased risk of active HHV-6 infection. Steroid therapy is associated with not only increased incidence of infection but also accelerated viral replication. Development of limbic encephalitis is associated with high HHV-6 DNA load.

Human herpesvirus 6 variant B infection in adult patients after unrelated cord blood transplantation.

Tomonari A, Takahashi S, Ooi J, Iseki T, Takasugi K, Uchiyama M, Konuma T, Futami M, Ohno N, Uchimaru K, Tojo A, Asano S. Department of Hematology/Oncology, The Institute of Medical Science, The University of Tokyo, Tokyo 108-8639, Japan. Int J Hematol. 2005 May;81(4):352-5.

Human herpesvirus 6 variant B (HHV-6B) infection was studied in 23 adult patients who underwent cord blood transplantation (CBT). HHV-6B DNA was detected by quantitative polymerase chain reaction analysis after CBT in the sera from 15 patients (65%) at day 14 or 15 (week 2), from 16 patients (70%) at day 21 or 22 (week 3), and from 3 patients (13%) at day 28 or 29 (week 4). HHV-6B DNAemia was found in none of the 20 patients examined at day 7 or 8 (week 1). The overall incidence of HHV-6B DNAemia reached 87% (20 of 23 patients). This incidence was much higher than after unrelated bone marrow transplantation (19%, P < .0001). In CBT patients, positive HHV-6B DNAemia at week 3 was significantly associated with early skin rash (88% versus 14%, P < .005) and grade II-IV acute graft-versus-host disease (aGVHD) (69% versus 14%, P < .05). In contrast, positive HHV-6B DNAemia at week 2 was associated with neither skin rash nor aGVHD. Prospective large-scale studies are needed to determine the role of HHV-6 infection in CBT patients.

High incidence of human herpesvirus 6 infection with a high viral load in cord blood stem cell transplant recipients.

Sashihara J, Tanaka-Taya K, Tanaka S, Amo K, Miyagawa H, Hosoi G, Taniguchi T, Fukui T, Kasuga N, Aono T, Sako M, Hara J, Yamanishi K, Okada S. Department of Developmental Medicine (Pediatrics) D-5, Osaka University Graduate School of Medicine, 2-2 Yamada-oka, Suita City, Osaka 565-0871, Japan.  Blood. 2002 Sep 15;100(6):2005-11.

Human herpesvirus 6 (HHV-6) infection in recipients of cord blood stem cell transplants (CBSCTs) was estimated by semiquantitative and real-time quantitative polymerase chain reaction (PCR) and reverse-transcription PCR. Of the CBSCT recipients, 7 (70%) of 10 had active HHV-6 infection after transplantation, and all 7 were inferred from their age to have already had a primary infection. Because HHV-6 DNA is seldom detected in cord blood, these cases were considered likely to represent reactivation. In contrast, the 3 patients without HHV-6 infection were all believed to be naive regarding HHV-6 primary infection because of their age and the results of PCR assays given before the transplantation procedure. The incidence of HHV-6 infection after transplantation was significantly higher (P <.05) than after bone marrow (BM) transplantation and peripheral blood stem cell (PBSC) transplantation, when recipients without primary HHV-6 infection prior to transplantation were excluded (CBSCT, 100%; BMT/PBSCT, 56.3%). Real-time PCR revealed a higher level of viral DNA in the peripheral blood mononuclear cells from CBSCT recipients than from BMT/PBSCT recipients or patients with exanthem subitum (P <.05). HHV-6 mRNA of the U79/80 gene was also detected by reverse-transcription PCR in all analyzed patients with HHV-6 infection. Its detection was correlated with the emergence of viral DNA in the plasma and symptoms such as fever and rash. Thus, HHV-6 infection was more frequent and the viral load was higher in CBSCT recipients with prior primary infection
Human herpesvirus 6 limbic encephalitis after stem cell transplantation.

Wainwright MS, Martin PL, Morse RP, Lacaze M, Provenzale JM, Coleman RE, Morgan MA, Hulette C, Kurtzberg J, Bushnell C, Epstein L, Lewis DV. Division of Pediatric Neurology, Children's Memorial Hospital, Northwestern University Medical School, Chicago, IL, USA. Ann Neurol. 2001 Nov;50(5):612-9.

Central nervous system complications are common in stem cell transplant recipients, but selective involvement of the medial temporal area is unusual. The 5 patients reported here presented after stem cell transplantation with increased hippocampal T2 signal on magnetic resonance imaging and increased hippocampal glucose uptake on [F-18]fluorodeoxyglucose-positron emission tomography (FDG-PET) associated with short-term memory loss, insomnia, and temporal lobe electrographic seizure activity. The initial scalp electroencephalograms (EEGs) failed to detect seizure activity in these patients, although the memory dysfunction along with the magnetic resonance imaging and FDG-PET findings suggested subcortical seizure activity. However, extended EEG monitoring revealed repetitive temporal lobe electrographic seizure activity. Follow-up MRIs in 2 patients and postmortem findings on 1 patient suggested that hippocampal sclerosis had developed following the clinical syndrome. Cerebrospinal fluid studies revealed the presence of human herpesvirus 6, variant B, DNA in all of 3 patients who had lumbar punctures. Immunohistochemical staining for the P41 and P101 human herpesvirus 6 protein antigens showed numerous immunoreactive astrocytes and neurons in the hippocampus of 1 of the patients who died from other causes. Because of its subtle clinical presentation, this syndrome may be underrecognized, but can be diagnosed with appropriate magnetic resonance imaging techniques, EEG monitoring, and cerebrospinal fluid viral studies.

Temporally-specific retrograde amnesia in two cases of discrete bilateral hippocampal pathology.

Kapur N, Brooks DJ. Wessex Neurological Centre, Southampton General Hospital, England. n.kapur@soton.ac.uk

Hippocampus. 1999;9(3):247-54.

The role of the hippocampus in retrograde amnesia remains controversial and poorly understood. Two cases are reported of discrete bilateral hippocampal damage, one of which was a rare case of limbic encephalitis secondary to the human herpes virus 6. Detailed memory testing showed marked anterograde memory impairment, but only mild, temporally-limited retrograde amnesia that covered a period of several years in both autobiographical and factual knowledge domains. The absence of extensive retrograde amnesia in these two cases points to a time-limited role for the hippocampus in the retrieval of retrograde memories, and suggests that entorhinal, perirhinal, parahippocampal, or neocortical areas of the temporal lobe may be more critical than the hippocampus proper for long-term retrograde memory functioning. Our findings offer general support to theories of memory consolidation that propose a gradual transfer of memory from hippocampal to neocortical dependency.
HHV-6 & GRAFT-VERSUS-HOST DISEASE

The Complex Relationship between Human Herpesvirus 6 and Acute Graft-versus-Host Disease.

Pichereau C, Desseaux K, Janin A, Scieux C, Peffault de Latour R, Xhaard A, Robin M, Ribaud P, Agbalika F, Chevret S, Socié G. Hematology/Transplantation, Service d'Hématologie Greffe, AP-HP, Hôpital Saint-Louis, Paris, France.

Biol Blood Marrow Transplant. 2011 Jul 27.

The most frequent manifestation of human herpesvirus 6 (HHV-6) reactivation after allogeneic hematopoietic stem cell transplantation (HSCT) is febrile rash, raising the question of its relationship with graft-versus-host disease (GVHD). In this retrospective analysis of 365 patients who underwent allogeneic HSCT, HHV-6 reactivation was significantly associated with cord blood transplantation (hazard ratio [HR], 3.20; P < .0001) and the use of unrelated donors (HR, 2.02; P = .008). On multivariate analysis, previous GVHD was a predictive factor for HHV-6 reactivation (HR, 1.80; P = .01), and previous HHV-6 reactivation was a predictive factor for acute GVHD (HR, 1.66; P = .03). Nineteen patients with no pathological evidence of GVHD later developed severe clinical GVHD (grade III-IV), suggesting the role of HHV-6 as a trigger for severe GVHD. Furthermore, 17 patients without histopathological GVHD demonstrated a significant lymphoid infiltrate suggesting "pure" HHV-6-related manifestations, and these patients could have been spared steroid therapy.

Correlations of human herpesvirus 6B and CMV infection with acute GVHD in recipients of allogeneic haematopoietic stem cell transplantation.

Wang LR, Dong LJ, Zhang MJ, Lu DP. Peking University People's Hospital, Peking University Institute of Haematology, Beijing, People's Republic of China. Bone Marrow Transplant. 2008 Nov;42(10):673-7.

Human herpesvirus 6 (HHV-6) and CMV reactivation were monitored in a cohort of 72 consecutive haematopoietic stem cell transplant (HSCT) patients using RQ-PCR and antigenaemia assay, respectively. The association between acute GVHD (aGVHD) and HHV-6B/CMV was evaluated. We found that on day 100 the cumulative incidence of grades I-IV aGVHD, grades II-IV aGVHD and grades III-IV aGVHD was 55.6, 27.8 and 13.9%, respectively. Multivariate analysis indicated that HHV-6B reactivation was closely correlated with a higher probability of grade II-IV aGVHD by day 30 (Hazard ratio (HR), 8.9; 95% confidence interval (CI), 2.6-31.0; P=0.0006), by day 50 (HR, 6.1; 95% CI, 2.1-17.8; P=0.0010) and by day 100 (HR, 4.8; 95% CI, 1.7-13.6; P=0.0028). However, CMV reactivation did not significantly affect the development of aGVHD by day 50 (HR, 0.8; 95% CI, 0.1-6.7; P=0.8236) and by day 100 (HR, 0.5; 95% CI, 0.1-4.4; P=0.5330) after HSCT. In conclusion, this study demonstrated that active HHV-6B infection, but not CMV, is significantly associated with an increased risk of aGVHD development after HSCT.

Human herpes virus 6 plasma DNA positivity after hematopoietic stem cell transplantation in children: an important risk factor for clinical outcome.

de Pagter PJ, Schuurman R, Visscher H, de Vos M, Bierings M, van Loon AM, Uiterwaal CS, van Baarle D, Sanders EA, Boelens J. Department of Immunology/Haematology and BMT, University Medical Center Utrecht, Utrecht, The Netherlands. p.j.depagter@umcutrecht.nl  Biol Blood Marrow Transplant. 2008 Jul;14(7):831-9.

Human herpes virus 6 (HHV6) is known to reactivate after hematopoietic stem cell transplantation (HSCT), and has been suggested to be associated with severe clinical manifestations in adults. The clinical significance in children remains unclear. We investigated the incidence of HHV6 reactivation in relation to HSCT-associated morbidity and mortality in children. Between January 2004 and May 2006, 58 pediatric patients, median age 7.6 years (range: 0.1-18.1 years), received their first allogeneic HSCT. After HSCT, HHV6, Epstein Barr Virus (EBV), cytomegalovirus (CMV), and adenovirus (AdV)-plasma loads were weekly measured by quantitative PCR. Clinical features, engraftment, graft-versus-host disease (GVHD), and HSCT-associated mortality and morbidity were monitored. HHV6 reactivations were classified in group I (no reactivation), group II (loads <1000 cp/mL) and group III (loads >1000 cp/mL). CMV, EBV, Herpes Simpex Virus, Varicella Zoster Virus, and AdV-reactivations were treated according to local guidelines. HHV6 was treated only when there was clinical suspicion of disease. Thirty-six HLA-identical and 22 HLA nonidentical grafts were transplanted of which 43 were bone marrow or peripheral blood stem cells grafts and 15 were cord blood (CB) grafts. Median follow-up of the patients was 15.5 (1-35) months. HHV6 reactivation occurred in 39 of 58 (67%) patients with 31 of 39 (80%) occurring within the first 30 days post-HSCT. In 26 of 58 (45%) patients (group III), HHV 6 reactivation was significantly associated with higher nonrelapse mortality (P = .02), using multivariate Cox proportional hazard models and grade 2-4 acute GVHD (P = .03) and chronic GVHD (P = .05) in a multivariate logistic regression analysis. HHV6 reactivation is very common after HSCT in children and is associated with serious transplantation-related morbidity and mortality. Although the exact role of HHV6 reactivation after HSCT has to be elucidated, early detection and initiation of therapy might be of benefit.

Relationship among human herpesvirus 6 reactivation, serum interleukin 10 levels, and rash/graft-versus-host disease after allogeneic stem cell transplantation.

Kitamura K, Asada H, Iida H, Fukumoto T, Kobayashi N, Niizeki H, Morii T, Kimura H, Miyagawa S.

Department of Dermatology, Nara Medical University, Nara, Japan. J Am Acad Dermatol. 2008 May;58(5):802-9.

The relationship between herpesvirus reactivation and graft-versus-host disease (GVHD) after allogeneic stem cell transplantation (allo-SCT) is unclear. We sought to examine the relationship between human herpesvirus (HHV) reactivation and rash/GVHD after allo-SCT by prospective evaluation. Fifteen patients who had received allo-SCT underwent prospective serial examinations for human herpesvirus 6 (HHV-6), HHV-7, cytomegalovirus, and Epstein-Barr virus DNA in the blood by polymerase chain reaction and real-time polymerase chain reaction. Serum interferon gamma, interleukins 4 and 10, tumor necrosis factor alpha, and soluble interleukin 2 receptor (sIL-2R) were also measured. In 10 of 15 patients, macular/papular eruptions were seen after allo-SCT and GVHD was diagnosed. In 8 patients with rash, HHV-6 DNA levels correlated with the cutaneous manifestation. Interleukin 10 and sIL-2R also increased in association with rash.

The number of patients in our study was relatively small. Not all patients were examined for cytokines and sIL-2R. HHV-6 reactivation may be involved in the pathogenesis of rash/GVHD after allo-SCT.
HHV-6 & COGNITIVE DYSFUNCTION

HHV-6 reactivation and its effect on delirium and cognitive functioning in hematopoietic cell transplantation recipients.

Zerr DM, Fann JR, Breiger D, Boeckh M, Adler AL, Xie H, Delaney C, Huang ML, Corey L, Leisenring WM.

Department of Pediatrics, University of Washington, Seattle, WA, USA. Blood. 2011 May 12;117(19):5243-9.

Human herpesvirus 6 (HHV-6) is detected in the plasma of approximately 40% of patients undergoing hematopoietic cell transplantation (HCT) and sporadically causes encephalitis in this population. The effect of HHV-6 reactivation on central nervous system function has not been fully characterized. This prospective study aimed to evaluate associations between HHV-6 reactivation and central nervous system dysfunction after allogeneic HCT. Patients were enrolled before HCT. Plasma samples were tested for HHV-6 at baseline and twice weekly after transplantation until day 84. Delirium was assessed at baseline, 3 times weekly until day 56, and weekly on days 56 to 84 using a validated instrument. Neurocognitive testing was performed at baseline and at approximately day 84. HHV-6 was detected in 111 (35%) of the 315 included patients. Patients with HHV-6 were more likely to develop delirium (adjusted odds ratio = 2.5; 95% confidence interval, 1.2-5.3) and demonstrate neurocognitive decline (adjusted odds ratio = 2.6; 95% confidence interval, 1.1-6.2) in the first 84 days after HCT. Cord blood and unrelated transplantation increased risk of HHV-6 reactivation. These data provide the basis to conduct a randomized clinical trial to determine whether prevention of HHV-6 reactivation will reduce neurocognitive morbidity in HCT recipients.
Clinical and imaging findings suggesting human herpesvirus 6 encephalitis.

Provenzale JM, van Landingham K, White LE.

Department of Radiology, Duke University Medical Center, Durham, North Carolina 27710, USA. prove001@mc.duke.edu

Pediatr Neurol. 2010 Jan;42(1):32-9.

We sought to distinguish patients testing positive for human herpesvirus 6 from those testing negative, based on clinical features and magnetic resonance images. Sixteen immunosuppresed patients were tested by polymerase chain reaction for human herpes virus 6 DNA in cerebrospinal fluid (nine positive results). Medical records were examined for agitation, altered mental status, hallucinations, insomnia, memory loss, and seizures. Patients were sorted by viral status. Clinical features were compared with imaging findings. Insomnia, agitation, and hallucinations were preferentially evident in human herpes virus 6-positive patients. Imaging abnormalities were evident in the hippocampus of both groups. However, extrahippocampal involvement was more common in human herpes virus 6-positive patients and among those with insomnia and hallucinations or seizures. Patients with memory loss and imaging abnormalities in the entorhinal cortex or amygdala were likely to test positive, as were patients with hallucinations and abnormal magnetic resonance signal in the hippocampus. Human herpes virus 6 encephalitis patients present with diverse clinical features that are also common among patients who test negative. This entity should be suspected in patients who present with insomnia, seizures, or hallucinations when imaging abnormalities are evident in the hippocampus, amygdala, and limbic structures beyond the medial temporal lobe.

Human herpesvirus 6 and central nervous system disease in hematopoietic cell transplantation.

Zerr DM. Children's Hospital and Regional Medical Center and the Department of Pediatrics, University of Washington, Seattle, Washington, USA. zerr@u.washington.edu J Clin Virol. 2006 Dec;37 Suppl 1:S52-6.

Human herpesvirus 6 infects virtually all children within the first few years of life and like other herpesviruses, establishes latency after primary infection. In immunocompromised hosts, especially hematopoietic cell transplant (HCT) recipients, HHV-6 has been demonstrated to reactivate frequently. This reactivation has been associated with a number of different clinical endpoints in HCT recipients, including central nervous system (CNS) disease. There have been many detailed descriptions of individual patients with HHV-6-associated encephalitis. In addition, longitudinal observational studies have established a correlation between systemic HHV-6 reactivation and CNS dysfunction. Further research is needed to define optimal diagnostic, prevention, and treatment strategies.

Clinical outcomes of human herpesvirus 6 reactivation after hematopoietic stem cell transplantation.

Zerr DM, Corey L, Kim HW, Huang ML, Nguy L, Boeckh M.

Department of Pediatrics, University of Washington, Seattle, Washington, USA. zerr@u.washington.edu

Clin Infect Dis. 2005 Apr 1;40(7):932-40.

Although human herpesvirus 6 (HHV-6) is known to reactivate during hematopoietic stem cell transplantation (HSCT), the clinical significance of this finding is controversial.

We used a quantitative PCR test for HHV-6 to assay plasma samples prospectively collected from a cohort of 110 allogeneic HSCT recipients to evaluate the clinical effects of HHV-6 infection. A retrospective review of medical records was performed to determine clinical end points.

HHV-6 reactivation occurred in 52 (47%) of the 110 subjects. Factors that increased the risk of subsequent HHV-6 reactivation were hematologic malignancy that occurred at a time other than the first remission (adjusted P = .002), a mismatch in the sexes of donor and recipient (adjusted P=.05), younger age (adjusted P = .01), and the receipt of glucocorticoids (adjusted P = .06). HHV-6 reactivation was associated with subsequent all-cause mortality (adjusted hazard ration [HR], 2.9; 95% confidence interval [CI], 1.1-7.5), grade 3-4 graft-versus-host disease (GVHD) (adjusted HR, 4.9; 95% CI, 1.5-16), a lower probability of monocyte engraftment (adjusted HR, 0.42; 95% CI; 0.22-0.80), a lower probability of platelet engraftment (adjusted HR, 0.47; 95% CI, 0.21-1.1; P = .05) and a higher platelet transfusion requirement (adjusted P = .02). A higher level of HHV-6 DNA was associated with subsequent central nervous system (CNS) dysfunction (HR, 21; 95% CI, 1.8-249).
HHV-6 reactivation is common after allogeneic HSCT and is associated with subsequent delayed monocyte and platelet engraftment, increased platelet transfusion requirements, all-cause mortality, grade 3-4 GVHD, and CNS dysfunction.

RISK FACTORS FOR HHV-6 ENCEPHALITIS

· Cord blood transplants 

· 10- 16% of CBT develop encephalitis (Hill 2011 abstract, Mori 2010)

· Alemtuzumab 

· HHV-6 encephalitis occurred in 5/43 (11%) of patients who received alemtuzumab (Vu 2007)

· Thymoglobulin conditioning 

· Data suggests a high association (P=0.003) of HHV-6 PALE with Thymoglobulin conditioning (Hill 2011 abstract)

· Steroid Administration

· 17/24 (71%) that were HHV-6 positive received steroids while 11/26 (42%) that were HH-6 negative received steroids. 4/4 that developed limbic encephalitis underwent steroid therapy (Ogata 2006)

·  Unrelated donors

· HHV-6 viremia occurred in 6/13 (46%) of unrelated donor patients while occurring in only 3/15 (20%) in sibling donor patients (Betts 2011)

· Two or more HSCT

· 7/59 (11.9%) of the patients that received two or more HSCT developed HHV-6 encephalitis/myelitis as opposed to 6/169 (3.6%) of the patients after their first HSCT (Mori 2010)
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