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Abstract: Background Herpes simplex viruses 1 (human herpes virus types 1, HSV-1) often cause recurrent infections that 

affect the skin, mouth, lips, and eyes and eventually induce herpetic encephalitis. A high percentage of the population is infected 

with HSV-1 in which it produces a variety of these orofacial disease. In Mexico, there are no studies to determine the effects of 

viral virulence of clinical facial dermal isolates of active infections caused by the Herpes simplex virus 1. Objective of this work 

was to compare the herpetic activity of human clinical isolates from northeast Mexico against HSV-1 KOS as reference strain, 

which induces experimental murine model keratitis disease produced by infecting mouse corneas. Methods and Materials we 

compared several clinical isolate of HSV-1 obtained from 25 patients diagnosed with HSV-1 active, according to acyclovir (ACV) 

susceptibility, thymidine kinase (TK) polymerase chain reaction (PCR), and experimental Balb/c mice model as viral infections 

in vivo were evaluated. Results we found that several clinical isolates showed ACV resistance (48%) and pathogenic potential 

(PP) differences that caused ocular infection more or less than reference HSV-1 KOS strain. In Conclusion, some clinical isolate 

from northeast Mexico shown differences that caused ocular infection more or less than reference HSV-1 KOS strain. 
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1. Introduction 

Herpes viruses are approximately around 150 nm virions 

that possess an envelope containing glycoproteins [1], with a 

DNA center surrounded by an icosahedral capsid whose 

replication occurs in the nucleus at the intracellular level and 

belong to the group of Alphaherpesvirus [2]. Herpes simplex 

viruses 1 (HSV-1) infection is the most common cause of 

orolabial belong to the family of Herpesviridae, causing oral 

herpes lesions, meningitis, herpetic keratitis (a viral infection 

of the eye, also known as herpetic keratoconjunctivitis) and 

grave case encephalitis [3]. Much attention has been focused 

on host factors in determining these disease patterns and the 

differences among or pathogenesis virus strain within a single 

type that may account for the variation in activity herpetic 

ocular disease; however, in Mexico there are no studies in this 

regard [4]. Some HSV strains appear to produce specific 

disease patterns in the mouse cornea that simulate the various 

forms of human herpetic ocular infections [4]. Based on work 

by Irvine and Kimura, studied experimental disciform edema 

and necrotizing stromal keratitis model in the rabbit cornea by 

direct intrastromal inoculation with the strain of HSV [5]. 

However, numerous patients with immunosuppression often 

suffer relapses. These increase the emergence of strains 
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resistant to first-line drugs as ACV. Also, it is known that 

herpes simplex is associated with the development of herpetic 

encephalitis particularly in old person [6], and it has been 

hypothesized that it can produce Alzheimer's disease, 

although the mechanism are not yet fully elucidated [7]. This 

denotes the importance of research any pathogenic activity 

versus antiviral resistance drug. On the other hand Wang H et 

al., has described that it has been observed that strains of HSV-1 

vary in their pathogenesis [8]. In addition, viral recombination 

can be clinically significant; the high worldwide seroprevalence 

of HSV´s strains raises the possibility of recombination 

between these viruses and wild-type ones [9]. Recently 

Colgrove et al., reported a strain SD90 (HSV-2) high virulence 

clinical isolate [10], more than HSV-2G, which in recent 

decades has been taken as reference strain to genital herpetic 

infection. Although host factors are important, previous 

laboratory experience suggests that the different clinical 

patterns of herpetic ocular disease may be attributed at least 

partially to the differing biological behavior and virulence of 

specific strains. [10, 11] For this reason and because the 

pathogenicity is multifactorial and depends on the immune 

status of the host as well as the virus that infects and in turn the 

nature of the viral strain in addition to its virulence factors, the 

aim of these work was to compare the herpetic activity of 

clinical isolates from north-east Mexico against HSV-1 KOS as 

reference strain, that induces experimental murine model 

keratitis disease produced by infecting mouse corneas. 

2. Materials and Methods 

2.1. Clinical Isolates and Patients 

We performed an observational study, which recruited 

patients attending the Dermatology department of the "Dr. 

Jose Eleuterio Gonzalez" University Hospital diagnosed with 

HSV-1 active, during November 2009 to November 2010, 

who wished to participate voluntarily after informed consent 

was signed. Patients were asked about comorbidities, history 

of use of antivirals or if they were using them at the time, if 

they had previously had HSV infections, the number of 

episodes per year and infection recurrence at one year after 

sampling. The Ethics and Research Committee-Universidad 

Autónoma de Nuevo León approved and registered this study 

under the code INV-008 and INV-15001. 

For sampling, the base of the vesicle was scraped with a 

Calcium Alginate Swabs (Fisher Scientific de Mexico, S. A., 

Monterrey, Mexico), obtaining approximately 0.3 mL of 

vesicular serous fluid, which was later introduced in 1% 

glucose solution for storage. 

2.2. Virus Typing 

Infection of a monolayer of Vero cells (ATCC® CCL-81™), 

was performed in T25 culture flasks at a confluence of 90%. 

T25 flasks were incubated at 37°C whit stirring rotation at 250 

rpm for 1 hour; 0.5ml of Advanced-DMEM 5% FCS (Gibco 

BRL, Grand Island, NY, USA.) culture medium was then 

added and allowed to incubate at 37°C/5% CO2 and 10% 

humidity for 72 hours to observe cytopathic damage. Finally, 

cells infected with the isolated virus were harvested and stored 

in 1 mL aliquots at −80°C. In all isolates, PCR was performed 

to confirm HSV using the thymidine kinase (TK) gene. 

Starting with the positive samples in cell culture, samples 

were thawed gradually placing these in 175 cm2 flasks with 

confluent Vero cells for harvesting until 90% infection was 

seen. Aliquots were made and stored at −80°C until use. We 

worked with a reference strain obtained from the ATCC 

(VR®-1493™), which corresponded to the HSV-1KOS strain. 

A 0.5 mL vial of the isolate was taken for amplification, 

performing serial 10 logarithmic dilutions from 10
e-1

 to 10
e-10

; 

dilutions were performed in a PBS/glucose buffer solution. 

After performing each of these dilutions, they were placed in 

6-well plates containing 5x105 Vero cells, incubated at 37°C, 

stirring at 250 rpm for one hour. Subsequently, the viral 

suspension was discarded and reconstituted with a new 

Advanced-DMEM culture medium. The culture plates were 

subsequently incubated under the same conditions previously 

described for 72 hours. Subsequently, they were removed 

from incubation, stripped of culture medium, and then 

subjected to Giemsa staining. Finally, we determined the 

amount of plaque-forming units (PFU)/mL and the viral titer. 

According to the viral titers were adjusted to a 

concentration thereof of each of the samples was adjusted to a 

concentration of 50 PFU/0.5 mL. For this assay culture plates 

containing 12 wells with 3x10
5
 cells, each was made. 

Simultaneously, the ACV dilution was carried out; for this 

were a maximum concentration of 6.25 µg/mL and a 

minimum of 0.012 µg/mL, afterward, the virus was added to a 

concentration of 50 PFU to the 12 wells with Vero cells, 

letting these incubate at 37°C under gentle stirring for 1 hour. 

The viral suspension was withdrawn and reconstituted with 

Advanced-DMEM culture medium with 0.32% IgG [12, 13]. 

ACV was added at the concentrations described before. The 

culture plates were subsequently incubated under the same 

conditions previously described for 72 hours. The 50% 

inhibitory concentration (IC50) was determined for each 

sample. A sample was considered resistant if the IC50 was 

found at a concentration >3.1 µg/mL for ACV (3). 

2.3. DNA Isolation and PCR 

The vial containing the patient sample was mixed by vortex 

transferring the entire contents into a sterile micro tube, which 

was centrifuged at 12000 rpm for 7 minutes; the cell pellet was 

resuspended in lysis solution. Columns of total DNA Isolation 

System (Wizard®, Promega Corporation, Madison, WI, USA) 

were used to obtain and purify genetic material, following the 

manufacturer´s instructions. The DNA was precipitated and 

finally resuspended in 20 µL of Rehydration solution. This 

was stored at −20°C until use. 

For conducting PCR we used 4 µL of the sample and 16 µL 

of the reaction mixture, which contains the primer against the 

TK gene of HSV-1, was used to detect the effect TK gene of 

HSV-1 KOS as control positive, and 0.5 µM of each primer: 

5’-GGTGGGGAAAAGGAAGAA-3’, as hsv1 tkir (internal 

reverse) and 5’-TAACAGCGTCAACAGCGT-3’ as hsv1 tkif 
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(internal forward) sequences (Integrated DNA Technologies, 

IDT), 0.2 mM dNTPs, 2 mM MgCl2 and 1 units of Taq DNA 

polymerase (Go Taq Flexi, Promega Corporation, Madison, 

WI, USA). The PCR conditions were carried out initial 

denaturation at 94°C for 5 minutes, and 30 cycles of 

denaturation at 94°C for 30 seconds, annealing at 54°C for 30 

seconds and elongation at 72°C for30 seconds. The generated 

PCR fragments were analyzed by electrophoresis on 1% 

agarose gel stained with ethidium bromide and analyzed in a gel 

documentation system (UVP model M 26; UVP, LLC, Upland, 

CA, USA). A product of approximately 250bp was expected. 

Assays for DNA were performed separately for each clinical 

isolate to be amplified, using a portion of the DNA. All of them 

were reported as positive or negative to the obtaining of an 

amplification product on agarose gel electrophoresis. 

2.4. The Experimental Model of Herpetic Infection 

We used 8 week-old and 25 g weight male Balb/c mice 

(Harlan Co, Ind, USA). Animals were maintained four per 

case and under normal conditions with Purina rodent food 

and water available at libitum. The Animal Care and Use 

Committee approved animal housing and all procedures 

involving mice in accordance with federal guidelines. 

Requirements for care and handling of experimental animals 

according to international and Mexican regulations (IN-015 

001, NOM-062-Z00-1999) were met. Male mice were 

infected as described previously (12, 13), with minor changes; 

each mouse was anesthetized with85 mg sodium 

pentobarbital/kg of body weight (Nembutal; Abbott 

Laboratories) or a mixture delivering 100-mg/kg ketamine 

and 7 mg/kg Xylazine (Sigma-Aldrich, St. Louis, MO, USA). 

Each mouse was infected with 2 x106 PFU/eye; the virus was 

dropped onto both eyes in a 5-µLvolumeeach. From the eye, 

the infection was a daily record using clinical observation 

and assessment of injuries through the viral keratitis eye. 

Each eye received separately a scale of severity (scale of 0 to 

4) according to the following scale clinic and evaluation 

criteria in the ocular injury by infection of HSV-1, previously 

established: 0=cornea normal, 0.5=injury puntatas, 

1.0=dendritic injuries, 1.5=stromal edema with geographic 

lesions, 2.0=stromal involvement, pupils and visible iris, 

3.0=stromal involvement, pupils and iris invisible and 

4.0=severe keratitis pupils and iris invisible [13] 

3. Results 

A total of 25 patients were included infected with HSV-1. 

The average age of the sample was 31.6 years. A history of HSV 

infection was present in 85.7% of the patients; on average, 

patients had 4.5 episodes per year. Of the group of patients with 

HSV-1, 22 (88%) were immunocompetents, 3 (12%) were 

immunosuppressed; on the other hand, of the 25 patient sonly 1 

(4%) had acute lymphoblastic leukemia and 2 (8%) had 

autoimmune disease: idiopathic thrombocytopenic purpura and 

systemic lupus erythematous, respectively. All them with 

herpetic active infection with HSV-1 and 84% referred having 

been previously infected with HSV-1, while four patients (16%) 

denied having had a previous herpes infection. 

The analysis carried out by virus susceptibility test allowed 

to determine that fourteen patients with HSV-1 infection (48%) 

had a positive viral culture; all had a viral titer greater than the 

reference strain. 

On the other hand when submitting the total samples 

analyzed in this work to PCR for viral TK, only 11 samples 

(44%) resulting positive; 10 were positive to culture and one 

negative for the viral culture. The product of amplification for 

the TK gene was expected to be approximately 250bp. The 

determination of susceptibility to ACV performed by plaque 

reduction assay for the clinical isolates with a positive viral 

culture, showed an IC50 with a minimum value of 0.01 µg/mL 

and a maximum value of 1.46 µg/mL with a median of 0.150 

µg/mL, therefore no isolate was resistant to ACV. Thirty-three 

percent of the patients with a positive viral culture had clinical 

recurrence at one-year follow up with an average of 1.6 

episodes per year. 

 

Figure 1. Differential pathogenesis activity patterns with HSV-1 clinical 

isolate. (A) BALB/c mice were KOS infected or infected with 5 x 106 PFU of 

isolate 27. (B) BALB/c mice were KOS infected or infected with 5 x 106 PFU 

of 13, 17, 26, 39 and 42 isolate. (C) BALB/c mice were KOS infected or 

infected with 5 x 106 PFU of 1, 9, 18 and 28 isolate. (n=4). Pathogenesis as 

clinical score the mean is shown (n=4), at days 2-3, (A) values for HSV-1 

KOS were significantly lower (P < 0.05, ANOVA) than those of other isolate 

and all them isolates were similar as HSV1 KOS (A) but significantly high (B) 

and lower (C) (P < 0.05, ANOVA) than those of other HSV1 KOS strain; at 

days 9-10, values for HSV1 KOS strain were significantly lower (P <0.05, 

ANOVA) than those of other isolates. 
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Figure 2. Thymidine kinase sequence alignment of different HSV-1 strains and tk primers. As shown in the figure, tkir primer shows lack of recognition with some 

HSV-1 variants similar to the H129 strain. The numbers in the center indicate the number of base pairs (bp) between the primers of the aligned sequences, 

respectively. 

We chose a mouse model of ocular infection with HSV-1 

KOS strain because the inbred mouse model has been 

provides a large number of viral model infection [13]. Ocular 

inoculation of 2 x10
6
 PFU of KOS or isolate viruses by this 

protocol resulted in keratoconjuntivitis in the ocular 

areaafter8-9 days postinfection of naive mice. Infectious virus 

was shed from the ocular tract for at least 7 days and 

ascending paralysis followed, leading to death of the animals 

between 8 and 15 days postinfection (figure 1). LD50 of 

HSV-1 KOS and isolates in Balb/c mice was not performed. 

4. Discussion 

We have shown that the HSV-1 clinical isolate strain 13, 17, 

26, 39 and 42are more pathogenic in Balb/c mice than 

commonly used laboratory HSV-1 KOS strains and a closely 

related clinical isolate. In contrast to HSV-1 KOS and 27, 1, 9, 

18 and 28 infections in Balb/c mice, caused poor corneal 

dysfunction. We cannot rule out the possibility that differences 

in pathogenesis phenotypes between HSV-1 KOS and 13, 17, 

26, 39 and 42 isolates are due they are due to the minimal or 

maximum mutations in these viruses that arose during their 

low number of in vitro passages since they originate from an 

active infection. However, our findings support the hypothesis 

that HSV-1 KOS strain differences are a determinant of 

disease of the phenotypes and phenotypes in addition to host 

response. Future studies with HSV-1 clinical isolates may 

yield better results on HSV-1-induced pathogenicity 

mechanisms (figure 1). 

It is well established that minimal genetic differences in 

genomic skeletons of viruses have a major impact on 

pathogenesis. For example, the molecular basis of the highly 

pathogenic H5N1 influenza virus was found to be a single 

amino acid substitution [14]. The circulating HSV-1 strains 

exhibit considerable genomic variation, especially in viral 

glycoproteins [15, 16], even more, through the alignment 

performed for TK gene amplicons in different HSV1 Strains 

(figure 2), we could observe the lack of specificity for the 

identification of some variants of this virus; this situation was 

possibly involved in obtaining false negatives in PCR assays. 

The identification of new HSV-1strains and the obtaining of 

the sequences of their genomes will be useful for the 

development of effective molecular diagnostic tools that allow 

to solve the obtaining of erroneous results. 

There is evidence of the diversity of HSV-1, based on 

information obtained through restriction fragment length 

polymorphism (RFLP) analyses, polypeptide size, and 

PCR-based sequence analysis; these methodologies have made it 

possible to identify that HSV-1 strains vary between individuals, 

over sequential isolates from the same individual, and by 

geographic region, being observed different mechanisms 

involved in the development of this variation including single 

nucleotide polymorphisms (SNPs) and small insertions and 

deletions due to length variation in short sequence repeats (SSRs). 

As we know these variations can also affect the TK gene, and are 

related to its resistance to acyclovir [16, 17]. 

The identification of new HSV-1strains and the obtaining of 

the sequences of their genomes will be useful for the 

development of effective molecular diagnostic tools that allow 

to solve the obtaining of erroneous results [9, 16]. 

The treatment of choice for HSV-1-induced facial or 

ophthalmic infection, the drug is ACV. The prevalence of 

resistance to ACV is 6%, mainly in immunocompromised 

patients and 0.3% in immunocompetents patients. In all 

clinical isolates the viral titer was greater than the reference 

strains KOS for VHS-1. In this study, we found no herpetic 

viral strains resistant to ACV taking an IC50 of >3 as a 

reference value. In some cases it was not possible to obtain 

viral amplification despite obtaining viral replication in vitro 

of isolates from patients with compromised immune systems 

or not, this could have been due to the treatments of each of 

them, or simply because the viral load was low, although the 

infection was herpetically active. 

There are reports of viral strains that are highly resistant to 

treatment with ACV, mainly in South Africa and the United 

States, with differences in pathogenesis in humans. 

To our knowledge, this is the first study conducted in 

Mexico with clinical isolates obtained from people with 

HSV-1 active herpetic infection. The differences that we 

found in response to ACV could be another viable alternative 

to study, because some clinical isolates were positive for TK 

PCR and replication negative in in-vitro culture, we thought 

that due to the differences of drugs this condition did not 

guarantees TK PCR or viral infection in cell culture. 

In the year of follow-up in these same patients with a 

positive viral culture and who received antiviral treatment and 

a lack of resistance to ACV, recurrent episodes occurred, so 

other factors of the host intervene in the pathogenesis of the 

disease. There are reports associating Alzheimer's disease 

with HSV-1 infection. In this group of patients, antiviral 



 International Journal of Clinical and Experimental Medical Sciences 2020; 6(5): 91-95 95 

 

susceptibility has not been studied, and it would be 

appropriate to include them in future studies. 

5. Conclusion 

This is the first study to determine ACV resistance in 

clinical virus isolates in Northeast Mexico. The results 

obtained may be useful to know the global distribution of 

HSV-1 infections. Clinical resistance to ACV is related to the 

type of immunosuppression. 

When immunosuppression is severe and is combined with 

long-term ACV therapy, the risk of developing strains 

resistant to treatment increases. Knowledge of the sensitivities 

of viral strains in our country and the factors involved are 

useful for rationalizing the use of this therapeutic tool. This 

study opens a line of research to determine adequate 

concentrations of antivirals for testing with Mexican strains. 
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