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Abstract

Background—Herpes simplex virus, type 1 (HSV-1) infects over 3.4 billion people, world-wide. 

Though it can cause encephalitis, in the vast majority it is asymptomatic, with lifelong latent 

infection in neurons. HSV-1 infected individuals have greater cognitive dysfunction than 

uninfected individuals, particularly persons with schizophrenia – even without encephalitis. We 

investigated whether HSV-1 related cognitive dysfunction is progressive or remediable.

Methods—In a prospective naturalistic follow up sample (PNFU), temporal changes in cognitive 

functions were analyzed in relation to baseline HSV-1 infection in persons with/without 

schizophrenia (N=226). Independently, in a randomized controlled trial (RCT), HSV-1 infected, 

clinically stabilized SZ outpatients received Valacyclovir (VAL, an HSV-1 specific antiviral, 1.5 G 

twice daily for 16 weeks) or placebo (PLA) added to standard antipsychotic treatment, using a 

stratified randomization design, following placebo run-in (N=67). In both samples, HSV-1 

infection (seropositivity) was estimated using serum IgG antibodies. Clinical evaluations were 

blinded to HSV-1 or treatment status. Standardized Z scores for accuracy on eight cognitive 

domains were analyzed for temporal trajectories using generalized linear models (PNFU) and 

VAL/PLA differences compared with intent to treat analyses (RCT).

Results—PNFU: At baseline, HSV-1 infected participants had significantly lower accuracy 

scores for Emotion Identification and Discrimination (EMOD), Spatial memory and Spatial 

ability, regardless of SZ diagnosis (p=0.025, 0.029, 0.046, respectively). They also had 

significantly steeper temporal worsening for EMOD (p=0.03). RCT: EMOD improved in VAL-

treated patients (p=0.048, Cohen’s d=0.43).

Conclusions—A proportion of age related decline in EMOD is attributable to HSV-1 infection.
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1. Introduction

HSV-1 causes lifelong infection in approximately 3.4 billion people (Looker et al., 2015). It 

produces sporadic productive, lytic eruptions on mucosal surfaces, interspersed with latent, 

apparently asymptomatic infection restricted to neurons (Steiner et al., 2007). HSV-1 

induced encephalitis is rare (0.004%) (Steiner et al., 2007), but many cross-sectional studies 

indicate cognitive dysfunction in working memory, attention and related domains in 

seropositive persons (Dickerson et al., 2003; Dickerson et al., 2004; Dickerson et al., 2008; 

Dickerson et al., 2012; Prasad et al., 2007; Prasad et al., 2012; Schretlen et al., 2010; Shirts 

et al., 2008; Strandberg et al., 2003; Tarter et al., 2014; Thomas et al., 2013; Watson et al., 

2013; Yolken et al., 2011). Among healthy children, HSV-1 seropositivity is associated with 

lower reading and spatial reasoning test scores (Tarter et al., 2014). The associations are 

detectable among persons without a history of encephalitis and after accounting for potential 

socio-economic and infectious confounding factors (Studies cited above). Fruchter et al 
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(2015) studied associations between cognitive function and HSV-1 exposure among healthy 

young soldiers and found that HSV-1 exposed individuals were significantly more impaired. 

Other studies of non-psychiatric samples also reported that cognitive functions were more 

significantly impaired among HSV-1 exposed persons (Strandberg et al (2003); Tarter et al. 

(2014); Jonker et al. (2014).

Cortical volume reductions in frontotemporal regions are also detectable in HSV-1 infected 

persons (Prasad et al., 2007). Though HSV-1 has not been etiologically linked with SZ 

(Thomas et al., 2013), the cognitive dysfunction is observed frequently among persons with 

SZ (Dickerson et al., 2003b; McGrath et al., 1997; Yolken et al., 2011). In sum, the cognitive 

dysfunction associated with persistent HSV-1 infection is distinct from the global, severe 

cognitive dysfunction among survivors of HSV-1 encephalitis (Hokkanen and Launes, 2007; 

McGrath et al., 1997; Prasad et al., 2007). It is reminiscent of ‘cognitive aging’, i.e., minor 

cognitive dysfunction among otherwise healthy adults that can compromise or magnify other 

physical and mental disabilities (Blazer et al., 2011). Like cognitive aging, varying 

trajectories of temporal cognitive decline have also been reported (Table 1). To test whether 

the HSV-1 associated cognitive dysfunction is remediable, we previously conducted a small 

randomized controlled adjunctive trial (RCT, N=24) among US SZ patients with HSV-1 

infection and found that 18-week adjunctive treatment with valacyclovir (VAL), an antiviral 

drug with high specificity for HSV-1 infection significantly improved verbal memory, 

working memory and visual object learning, compared with placebo augmentation of 

antipsychotic treatment (Prasad et al., 2013). Valacyclovir is highly specific as an antiviral 

agent, and studies have shown that it is very safe drug (Tyring et al. 2002). To evaluate the 

prognosis of HSV-1 associated cognitive dysfunction, we used a prospective, naturalistic 

follow up (PNFU) design to assess patterns of temporal change in cognitive functions among 

persons with and without HSV-1 infection. As our initial RCT was relatively small (Prasad 

et al., 2013), we separately evaluated a larger, independent sample using the same protocol.

2. Methods

The study was conducted at Dr. Ram Manohar Lohia Hospital, Delhi, India (RMLH). All 

participants were assessed with the Diagnostic Interview for Genetic Studies and consensus 

diagnoses were assigned as described (Thomas et al., 2013). Cognitive functions were 

assessed using the validated Penn Cognitive Neuropsychological Battery (PennCNB), which 

estimates accuracy and speed estimates for ten cognitive domains (Gur et al., 2001a; Gur et 

al., 2001b; ;Watson et al., 2013). As the accuracy and speed estimates are correlated, only 

age standardized accuracy scores were analyzed here (Bhatia et al., 2012). HSV-1 infection 

was estimated using standard immunoassays at certified clinical laboratories. Highly specific 

IgG antibodies are normally produced following HSV-1 infection, so elevated HSV-1 

antibody levels in the serum were used to assess HSV-1 exposure. Antibodies to HSV-1 were 

assayed using Euroimmun anti-HSV-1 Type specific glycoprotein C1 Elisa (IgG) kits by 

certified laboratories (SRL and Quest Diagnostics, India (http://www.srl.in/srl/srl.asp) 

(www.QuestDiagnostics.in). The reference ranges were: for SRL; less than 16.0 

international units (IU, HSV-1 seronegative), 16 to 100 (ambiguous) and above 100 

(seropositive, HSV-1 infected). At Quest diagnostics, the cutoff values were: less than 0.9 
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units (negative, HSV-1 uninfected), 0.9 to 5.0 (ambiguous) and above 5 (positive, HSV-1 

infected). Data from patients with ambiguous exposure were not analyzed in either sample.

Quality control for serological assays—Randomly selected samples were analyzed in 

duplicate (N=28). The duplicate samples matched completely with regard to HSV-1 

seropositive status using the reference ranges for positive, negative or equivocal results. 

There were significant correlations for quantitative antibody titers between the pairs of 

samples, all of which were analyzed blind (r=0.92, p< 0.001). Samples with equivocal 

antibody titers based on predetermined cutoff values were not analyzed further (SZ, N = 9, 

non-psychotic, N= 10).

2.1 Sample 1, PNFU

Individuals with SZ and individuals without psychoses were included and re-assessed after 

1–3 years (ages 18–50 years). Persons with substance abuse, medical or neurological 

disorders and those unable to complete cognitive tests were excluded.

2.2. Sample 2, RCT

All inclusion/exclusion criteria and RCT protocols were identical to our earlier US study 

(Prasad et al., 2013) (Figure 1). The sample comprised of consenting HSV-1 seropositive 

patients with early course SC (ECSZ, over 7 years of illness), aged 18–50 years, receiving 

stable doses of antipsychotic drugs for ≥ one month at study entry, with a score of ≥ 4 on any 

item of the Positive and Negative Symptoms Scale (PANSS) (Kay et al., 1987). Stratified 

randomization software was used to balance the VAL/PLA groups on gender and age 

categories (<30, ≥30years). If a consenting patient fulfills all inclusion criteria, she/he is 

randomised using block randomized stratified lists generated by an online randomization 

program (http://www.randomization.com). Randomization procedure is mentioned in details 

in our earlier RCT (Bhatia et al. 2014).

Following a two-week placebo run in, HSV-1 seropositive patients were randomized to VAL 

(1.5 g by mouth, twice daily) + antipsychotic treatment as usual (APTAU) or placebo (PLA) 

+ APTAU for 16 weeks. All participants were subsequently followed up without VAL/PLA 

for 4 weeks. Therapists maintained stable doses of psychoactive medications if feasible, and 

medication changes were noted.

2.3. Clinical Evaluations

Participants in both samples were evaluated using an overlapping set of assessments with 

differing schedules identical to our prior RCT (Prasad et al., 2013). Cognitive parameters at 

all timepoints of both PNFU and RCT samples are presented as supplementary tables S1 and 

S2 respectively. The study was approved by the Institutional Ethics Committee at PGIMER, 

RMLH and the University of Pittsburgh Institutional Review Boards. All participants 

provided written, informed consent, with additional videotaped consent for RCT 

participants. The RCT was registered at Clinicaltrials.gov (NCT01794897) and the Indian 

clinical trial registry (CTRI/2013/10/004078). A Data Safety Monitoring Board monitored 

the RCT.
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2.4. Data analysis

Data errors / missing data were reconciled.

2.4.1. PNFU sample—A fully conditional specification (FCS) was used to perform 

multiple imputations (van Buuren, 2007). Missing data were imputed in 10 dataset iterations 

and pooled analysis of the imputed datasets was performed using generalized linear models 

(GLM). Baseline comparisons utilized GLM with HSV-1 seropositive state as the predictor 

and diagnostic status, sex and age as covariates. For temporal trajectory analyses, GLM 

analyses were conducted for each cognitive domain using as the dependent variable the 

change in z score between baseline and follow-up divided by the duration of follow up for 

the respective cognitive domain (i.e., slope of cognitive change). HSV-1 status was used as 

the predictor and the correlates included diagnostic status (SZ/not SZ), sex, age and the 

baseline measure for the relevant cognitive domain. An interaction term between diagnostic 

status and HSV-1 status was added in a subsequent model using Statistical Package for 

Social Sciences (SPSS v21)(IBM Corp, Released 2012.).

2.4.2. RCT sample—We used intention to treat analysis. With three time-points of 

assessment, after randomization (visit 2), after completing VAL/PLA (visit 7) and one month 

after completing VAL/PLA (visit 8), we used a mixed model repeated measures analytical 

method. The model included arms (VAL, PLA), time (visit 2, 7, 8), time*arm interaction, 

gender, age and SES. For the two intervention groups (VAL, PLA), effect sizes for the 

changes in cognitive domains at different assessment points in relation to visit 2 values were 

calculated by Cohen’s D, adjusted for the covariates age, gender and SES. Changes from 

visit 2 were examined using mixed model analysis.

3. Results

3.1 PNFU sample

3.1.1. Comparison between HSV-1 infected and HSV-1 uninfected participants 
at study entry—We recruited 412 participants after informed consent (patients n=265 and 

controls n=146) at baseline and blood samples were drawn. Out of these 65 individuals 

(cases 44, control 21) were equivocal on lab testing and we could not get report of 24 

individuals. The sample with follow-up information comprised 138 patients with SZ and 88 

individuals without psychosis. The sample included some participants from our published 

cross-sectional study (overlap: SZ, N = 29, non-psychotic, N = 46) (Thomas et al., 2013). 

HSV-1 infected individuals were significantly older than the uninfected individuals (Table 

2). There were no significant differences in the proportions of individuals with/without SZ in 

the HSV-1 infected and uninfected groups. There were no significant differences by gender 

or SES between the HSV-1 infected/uninfected groups. HSV-1 positive and negative 

participants were compared on cognitive domains separately for schizophrenia and healthy 

samples and are presented as supplementary tables S3. S4.

All the patients with schizophrenia received psychotropic drugs, whereas none of the control 

individuals were taking such drugs. In the multivariate analyses that included diagnostic 

status (schizophrenia / not schizophrenia), it is therefore difficult to disentangle possible 
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associations with psychotropic drug effects. Nevertheless, we found that cognitive 

dysfyunction worsened over time to a greater extent in the HSV-1 exposed group in the 

entire sample, regardless of diagnostic group status. This point is now emphasized in the 

discussion section.

3.1.2. Cognitive functions among HSV-1 infected and HSV-1 uninfected 
participants at study entry—Participants were encouraged to complete all cognitive 

assessments, but some participants could not do so. Six cognitive outcomes had data missing 

rates ranging from 1–8%, except for the cognitive domains of spatial ability (31%) and 

attention (27%); these data were imputed. After co-varying for age, sex and SZ diagnosis, 

GLM analysis indicated significantly reduced accuracy scores for EMOD (B = −0.28, p = 

0.018), SMEM (B = −0.25, p = 0.035), SPA (B = −0.20, p = 0.050) among HSV-1 infected 

participants compared with HSV-1 uninfected participants (Supplementary Table S5). When 

cognitive domains were analyzed in relation to SZ status, with age, sex and HSV-1 exposure 

as covariates, individuals with a diagnosis of SZ had significantly lower scores in all 

cognitive domains (data not shown).

3.1.3. Temporal trajectories of cognitive change in relation to HSV-1 exposure
—The mean follows up duration was 1.93 years (Standard deviation, SD = 1.07). The 

temporal slope of accuracy for EMOD was significantly greater among HSV-1 infected 

participants, compared with HSV-1 uninfected participants, co-varying for SZ status, sex, 

age and baseline accuracy score for EMOD (B=−0.15, p=0.033), suggesting that temporal 

decline in EMOD performance was greater among infected individuals (Fig 2, 

Supplementary Table S5). In this model, accuracy estimates for EMOD at baseline and SZ 

diagnosis were also significantly associated with the temporal slope for EMOD. When an 

interaction term between diagnostic group and HSV-1 exposure status was added to this 

model, it did not attain statistical significance (data not shown). Significant associations 

between HSV-1 exposure and temporal trajectories of change were not observed for any of 

the other cognitive domains (data not shown).

3.2. RCT sample

The flow of participants is illustrated in Figure 1. Among patients referred by therapists 

(N=282), 132 individuals were evaluated for HSV-1 exposure following assessment of 

inclusion criteria. Among patients with elevated HSV-1 antibody titers (N=82), 15 declined 

further participation. Among 67 patients who were randomized (N=67, total, VAL: 33, PLA: 

34), 5 did not complete the PLA run in, leaving an intention to treat (ITT) sample of 62 

patients (VAL 30; PLA 32). Six participants dropped out during the study (VAL, n=5 total; 

three lost to follow up and two withdrawn; PLA, N=1, lost to follow up). Thus, a total 56 

participants completed the study (VAL 25; PLA 31). There were no significant differences 

between the randomized and non-randomized participants with regard to demographic or 

clinical variables, except duration of illness, which was significantly longer in the non-

randomized group (Supplementary table S6).

There were no significant differences between the VAL and PLA participants with regard to 

demographic or clinical variables at baseline (Table 2). There were no significant differences 
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between two groups with regard to cognitive functions at baseline, apart from spatial ability 

(SPA); the VAL group performed better on the accuracy index (p=0.021) (Supplementary 

table S7). The domains of SPA and ATT have relatively high missing rates (47% and 32%), 

but all the other cognitive functions are almost complete (less than 2% missing). There were 

a few missing cognitive evaluations (7th visit, N=1, symptomatic participant; 8th visit, N=1, 

technical problems). No participant reported diabetes, hypertension and cardiac disorders. 

On baseline or follow up lab investigations also, no report of raised glucose level was 

observed in the RCT sample. On baseline or follow up lab investigations also, elevated blood 

glucose levels were not observed in the RCT sample.

3.2.1. Changes in cognitive functions following VAL/PLA treatment—Compared 

with PLA, VAL treated participants had significantly greater improvement in the accuracy 

index of EMOD, using analysis of the ITT sample or only the sample that completed the 

entire treatment (p=0.048, Cohen’s D=0.43; analysis of RCT completers) (Figure 2). There 

were no significant differences between the VAL and PLA groups for the remaining 

cognitive functions assessed with the CNB, or the TMT. The sample had over 80% power to 

detect effect size of 0.8, the mean value for the significant effect sizes in a prior RCT sample 

(ranges 0.34–1.14) (Prasad et al., 2013).

3.2.2.Clinical Severity, Social Functions—No significant change was reported on any 

of the positive, negative global psychopathology symptoms, CGI scores, ILSS-I, ILSS-SR, 

Quality of life, GAF and Sheehan Disability Scale in any group from visit 1 to visit 7 and 8.

3.2.3. Adverse effects—Vomiting and nausea were reported more frequently in the VAL 

group but there was no significant VAL-PLA difference (VAL, n = 15, PLA, n = 9; p = 

0.18). Dizziness was reported more frequently in the PLA group (VAL, n = 4, PLA, n = 12; 

p = 0.049). Other complaints included constipation (VAL, n=2, PLA, n=3), body ache (VAL, 

n = 2; PLA, n=1) and ‘rolling of eyes’ (PLA, n=1).

3.2.4. Antipsychotics and other drugs—All the participants received antipsychotic 

drugs throughout the study; there were no differences in the proportions receiving atypical 

antipsychotic drugs between the VAL and PLA groups (VAL 63%; PLA 75%). 

Chlorpromazine equivalents were calculated for all antipsychotics and it ranged between 

100mg to 2350mg and there was no significant difference between VAL and PLA group on 

doses of antipsychotics. Majority (46/67 (68%); VAL 23; PLA23) of the participants were 

prescribed trihexyphenidyl. In the RCT sample there were similar proportions of drug 

adjunct or placebo treated patients who reported taking Vitamin B12 (N=12, Valacyclovir 

group; N= 8, placebo group), two (PLA) and one (VAL) participants were on folic acid and 

none on Vitamin D.

4. Discussion

At study entry in the PNFU sample, significant dysfunction was observed among HSV-1 

infected participants in three of eight cognitive domains, consistent with prior cross-

sectional studies. In particular, HSV-1 infected persons not only performed worse at study 

entry with regard to EMOD, but they also had a greater decline in EMOD over time. The 
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greater temporal EMOD decline is notable because it also improved significantly following 

VAL treatment in the RCT sample. Taken together, the results suggest a novel link between 

HSV-1 infection and EMOD, which estimates the ability to discriminate between emotions 

and is thus considered an important component of social cognition (Gur et al., 2010). 

Emotional identification and discrimination, also known as emotion perception (EP), is an 

important aspect of social cognition and is associated with social function and outcome of 

patients with schizophrenia (Schneider et al., 2006; Couture et al., 2006). EP could mediate 

the relationship between neurocognition and functioning outcome and, as such, is highly 

relevant for daily lives of individuals with SZ.

Similar to the Indian sample, the domains that improved with VAL in our prior US RCT 

sample (verbal memory, working memory and visual object learning) also worsened over 

time in another US sample (Prasad et al., 2011). To understand reasons for the different 

patterns of improvement, we compared the US and Indian RCT samples. The Hindi Penn 

CNB battery used in the Indian RCT did not assess verbal memory, one of the domains that 

improved significantly in the US RCT study. Working memory estimates in the US study 

were based on the 2-back test, but Indian participants found it difficult to complete this test, 

leading to relatively high rates of missing data. There were no significant differences in 

demographic variables between the samples, but the US sample generally rated worse on 

accuracy measures (data not shown). Thus, the distinctive improvement patterns could be 

attributed partially to the different versions of the Penn CNB used, but additional variables 

like HSV-1 strain differences in US and India need to be investigated. We need to compare 

HSV-1 stains in the Indian and the US sample.

While the effect size for the cognitive dysfunction is relatively small in the PNFU sample, 

the relatively high prevalence of HSV-1 infection increases its potential public health impact. 

The temporal change in cognitive dysfunction could contribute to ‘cognitive aging’ 

(Nimgaonkar et al., 2016), a process that is arousing public health concern (Blazer et al., 

2011). At the other end of the lifespan, even subtle temporal cognitive changes in children 

related to HSV-1 exposure (Tarter et al., 2014) could markedly alter the trajectory of 

neurodevelopment and increase risk for childhood psychiatric disorders (Hotez, 2014). The 

effects of chronic infections such as HSV-1 could be long lasting and more ominous than 

acute infections that can cause temporary cognitive dysfunction. Valacyclovir is highly 

HSV-1 specific antiviral agent, and studies have shown that it is very safe drug (Tyring et al. 

2002). We checked drug interaction checker on drugs.com for interaction of valacyclovir 

with antipsychotics, there was no mild, moderate or high interaction with any known 

antipsychotics. On pubmed search also there was no study found showing any interaction.

Several mechanisms are plausible for the observed cognitive dysfunction. Primary HSV-1 

infection typically targets the oro-nasal or genital mucosa, followed by retrograde transport 

of virions into sensory ganglia where a latent stage ensues in sensory ganglia, including the 

trigeminal ganglion. Latent infection in the brain could also occur via the olfactory 

epithelium, with further progression to the frontotemporal region (Becker, 1995). Viral DNA 

is detectable in over a third of post-mortem brain samples from individuals without prior 

encephalitis (Karatas et al., 2008) and rodent studies indicate that latent HSV-1 infection can 

occur in the brain (Yao et al., 2014). Viral replication is suspended during latency and gene 
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expression limited to a few non-translated sequences, but three mechanisms could explain 

the present associations. First, recurrent cycles of latency and recurrence in relatively 

circumscribed brain regions could cumulatively impair cognitive function. This mechanism 

could explain the patchy cognitive dysfunction and the differences in dysfunctional cognitive 

domains in the published studies and the cortical gray matter volume reduction (Table 1) 

( Prasad et al., 2011; Prasad et al., 2012). Second, initial exposure in utero or in childhood 

could cause sub-clinical brain damage that alters the trajectory of neurodevelopment, 

compromising cognitive function over time. Third, repeated reactivation outside the blood 

brain barrier could disrupt cognitive functions through release of cytokines that can cross the 

blood brain barrier ( Kennelly, 2013; Prasad et al., 2012; Sparkman et al., 2006).

Some limitations of the studies should be noted. The improvement in EMOD with VAL 

attained only modest statistical significance. On the other hand, the temporal decline in the 

same variable among HSV-1 infected individuals in the PNFU sample suggests that VAL-

related benefit suggests a link with its antiviral effects. A variable correlated with HSV-1 

infection could arguably be the primary source of the observed dysfunction in EMOD in the 

PNFU sample. Though SES was included as a covariate in the analyses, other infectious 

agents that frequently cause chronic neuro-viral infections, such as cytomegalovirus (CMV) 

and herpes simplex virus, type 2 (HSV-2) could also explain the associations (Watson et al., 

2013). Exposure to HSV-2 is relatively low in the Indian population (11.3% in females, 

8.9% in males) (Looker et al. 2008; Sgaier et al., 2011) and CMV infection is high (95%) 

(Chakravarti et al., 2009), so these infections are unlikely to explain the present associations. 

The effects of psychotropic medications were not examined, but there is no evidence for 

different patterns of medication prescription for HSV-1 infected/ uninfected patients. The 

faces used in Penn-CNB for emotions are not from Indian population. However, the 

emotions and faces used in Penn-CNB are culture neutral. Beupre and Hess (2005) 

compared emotion recognition in three cultures and found that there are no significant 

differences across cultures when their members see equivalent emotional expressions from 

persons of their own culture or of a different culture. When members of different cultural 

groups decode equivalent prototypical expressions from members of their own or other 

cultural groups, highly similar judgments are made.

The present studies suggest several avenues for future research, because the search for even 

modest risk factors for cognitive dysfunction is important from a public health perspective. 

Additional prospective cohort studies are needed to evaluate a possible causal relationship 

between non-encephalitic HSV-1 exposure and cognitive dysfunction. To evaluate causality 

between common risk factors and chronic disorders, Bradford Hill proposed nine guidelines 

(Hill, 1965), of which five were fulfilled by prior studies of HSV-1 exposure and cognitive 

dysfunction (Prasad et al., 2012). New biomarker studies or antibody assays for other HSV-1 

antigens could be informative. Rigorous studies are also needed to evaluate whether, in 

addition to cognitive dysfunction, HSV-1 infected persons experience greater functional 

decline and whether they are at risk for other neuropsychiatric disorders. Additional RCTs 

are also needed to further explore the novel cognitive changes with VAL adjunctive 

treatment among persons without SZ.
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In conclusion, HSV-1 exposure was associated with dysfunction in the cognitive domains of 

EMOD, sensorimotor function and spatial ability at study entry among individuals 

regardless of SZ diagnosis. HSV-1 infection was also associated with greater temporal 

decline in EMOD. The RCT suggests improvement in EMOD among HSV-1 infected 

persons with SZ, following VAL treatment. The results suggest a new approach for treating 

EP deficits in schizophrenia.
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Figure 1. Flow of participants in Both Studies
A: Prospective Naturalistic follow-up study enrollment B: Randomized Controlled 

Adjunctive Trial (RCAT) enrollment D

Treatment trial exclusions: aReasons for exclusion after screening: symptomatic n=5; 

transport problems n=8; refused, n=8; could not be contacted after screening, n=36; medical 

illness, n=4; comorbidity, n=6; illness >7yrs, n=16; age <18 years, n=1; age >50years, n=14; 

not stable on medication, n=18; illness <one year, n=7; other, n=35. bReasons for exclusion 
after HSV-1 assays: Raised liver enzymes, N=2, Raised uric acid levels, N=2, Refused, 

N=4, Lost contact, N=3, Diagnosed with gall bladder stones, N=1, Dystonia, N=1, Worsened 

symptoms, N=1, Age above 50, N=1
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Figure 2. Changes in Accuracy scores for Emotion Identification in each sample
The prospective naturalistic follow up sample included patients with schizophrenia and non-

psychotic control individuals. The randomized controlled trial sample included only HSV-1 

infected patients with schizophrenia. *: p = 0.025; HSV-1 infected persons performed 

significantly worse than HSV-1 uninfected persons at baseline. ** p = 0.03; Temporal 

change in HSV-1 infected persons significantly different from HSV-1 uninfected persons. # 

p = 0.048; Temporal change in Valacyclovir treated persons significantly different from 

placebo treated persons.
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Table 1

HSV-1 exposure and temporal trajectory of cognitive function in published studies.

First author / 
Reference

Study sample (N) Cognitive tests Follow up duration Key results

Strandberg 
(Strandberg et al., 
2003)

Random sample of 
Helsinki residents with 
cardiovascular disease 
(383)

MMSE, CDR 1 year Reduction in MMSE scores 
proportional to viral burden due to 
HSV-1, CMV and HSV-2

Aiello (Aiello et al., 
2008)

Community-dwelling 
elderly Latino sample 
(1204)

MMSE, episodic 
memory (word list-
learning test)

4 years Rate of cognitive decline significantly 
related to CMV titers, but not HSV-1 
titers

Prasad (Prasad et 
al., 2012)

First-episode 
antipsychotic-naive SZ 
patients (26); Healthy 
subjects (38)

WCST 1 year Greater reduction in perseverative 
errors in HSV-1 seronegative SZ 
patients than in the HSV-1-
seropositive patients. No significant 
associations with CMV, or in healthy 
subjects.

Barnes (Barnes et 
al., 2014)

3 cohorts of elderly 
community members 
(N=849)

MMSE, tests of 
working memory, 
episodic memory, 
visuospatial function

5 years No significant temporal associations 
with HSV-1 status. CMV 
seropositivity associated with greater 
risk of Alzheimer disease and faster 
rate of cognitive decline in global 
cognition.

Nimgaonkar 
(Nimgaonkar et al., 
2016)

Representative community 
sample of elders

MMSE, tests of 
complex attention, 
executive functions, 
memory, language, 
visuospatial function

5 years IgG titers of antibodies to CMV, 
HSV-2 and Tox associated with 
differing patterns of greater cognitive 
decline. No temporal associations 
with HSV-1.

MMSE: Mini-Mental State Examination; CDR: Clinical Dementia Rating scale; HSV-1: herpes simplex virus, type 1 (HSV-1); CMV: 
cytomegalovirus; HSV-2: herpes simplex virus, type 2 (HSV-2); Tox: Toxoplasma Gondii.
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