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For my patients 
	
	
	
	
There´s are starman waiting in the sky 

	

He´d like to come and meet us 
	

But he thinks he´d blow our minds 

There´s a starman waiting in the sky 

He told us not to blow it 

Cause he knows it´s all worthwhile 
	

He told me: 
	

Let the children lose it 
	

Let the children use it 
	

Let all the children boogie 
	
	
	
	

David Bowie 



ABSTRACT 
	
Background: Before the era of combination therapy (c-ART) more than 90 % of the 
patients with HIV-infection died of one or more opportunistic infections (OI). We and 
others noted early on that CMV was an important pathogen in these patients. We 
investigated the OIs related to causes of death in all Venhälsan patients, with these specific 
questions 1) All OIs and opportunistic cancers (OC)s in patients who died with CD4+ 
counts below 100 x 106/mL;  2) The prevalence of CMV encephalitis (CMV-E) and 
Korsakoff syndrome (Paper 1);  3) CMV retinitis (CMV-R) in relation to CMV-E (Paper 
II); 4) CMV adrenalitis (CMV-A) and its relation to CMV-R and CMV-E, including 
comparison of CMV assessment by PCR in blood and the Synacthen test; 5) The 
correlation between CMV disease and other OIs and OCs (Papers I, II and III); 6) The 
interaction between CMV, Epstein Barr virus (EBV) and other human herpes viruses in a 
case of anaplastic large cell lymphoma (ALCL) (Paper IV) 
Material end methods: We followed all patients that died at Venhälsan from 1989-1996, 
with intensive blood testing, biopsies, culturing, X-ray, computer tomography CT, 
magnetic resonance imaging MRI as well as autopsy when permission was provided. We 
focused especially on Synacthen tests to diagnose CMV-A, neurological examinations to 
diagnose CMV-E and Korsakoff, and ophthalmologic examinations to diagnose CMV-R. In 
a case of anaplastic large cell lymphoma, we did extensive analysis of all human herpes 
viruses in the course of the disease. 
Results: Of all 219 patients, that died with CD4+ < 100 x 106/mL 87% showed signs of 
reactivated CMV-infection.  CMV-R was found in 84, CMV-E in 65, CMV-A in 41 and 
CMV in the gastrointestinal tract in 21. Mycobacterial infection was found in 87 and 
toxoplasmosis in 29. Kaposi’s sarcoma was the most common tumour (68 cases) followed 
by 22 patients with malignant lymphoma and 20 with CNS-lymphoma. CMV-reactivation 
was seen in most diagnostic. A case of primary CMV-infection leading to a malignant 
lymphoma by interaction with two other herpes viruses was also seen. 
Conclusion: CMV-infection was the main OI in AIDS-patients during the pre-c-ART era 
and also the main cause of death by itself or together with other OIs. Reactivation of CMV 
was found in 87%. The most important CMV manifestations were CMV-R, CMV-E and 
CMV-A that seemed to occur at the same time. All of them have characteristic symptoms. 
Thus, when one of these is diagnosed investigation for the other two should be done.  This 
is still today important in patients with CD4+ < 100 x 106/mL without access to modern 
HIV-treatment. These findings reveal the intimate interaction between HIV and CMV 
which should be considered in all co-infected patients also today. 
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1 INTRODUCTION 
	
1.1.1 HIV infection 

	

The first cases of what would later become known as Human Immunodeficiency Virus (HIV) 

infection were described in the Centers for Disease Control’s (CDC) Morbidity and Mortality 

Weekly Report in June 1982 (1). The disease occurred in clusters of homosexual males in 

New York, Los Angeles and San Francisco. Many had Kaposi´s sarcoma (a rare tumour in 

high-income countries at the time). Several had also had Pneumocystis carinii pneumonia 

(PCP), an opportunistic infection known to infect patients with lymphatic leukaemia and 

immunosuppressed bone marrow-transplant patients.(2-4) A few months later, Masur et al 

found that all these apparently previously healthy patients had signs of a compromised 

immune system. (5)The same infections were subsequently discovered in Haitians and 

haemophiliacs and an increasing number of papers on different opportunistic infections (OI) 

in these patients appeared during the following years (5-9) (Pneumocystis carinii has since 

been renamed pneumocystis jirovecii (10) but the term in use during the investigation period 

will be used in this thesis). 

	
1.1.2 Effect on the immune system and decrease in CD4+ count 

	

At the time, research concerning differentiation of human leukocytes was developing rapidly 

and labelling with antibodies led to the discovery of OKT3 cells, later named CD4+ cells. (9, 

11) It was very early revealed, that the patients with the new immune deficiency had low and 

decreasing CD4+ counts. The term AIDS (Acquired Immune Deficiency Syndrome), used to 

denote the disease, was established in September 1982 by CDC. The virus that caused the 

disease was described by Barre Sanoussi et al already in 1983 (12). Both the term HIV and 

the HIV infection were confirmed at the 2nd World AIDS conference in Paris in 1986. 
	
Today it is well established that the HIV-1 virus was transferred to humans from 

	

chimpanzees, while HIV-2, which is less pathogenic, derived from macaques (13). The HIV- 
	

1 epidemic originally followed the route from Africa, via Haiti, to the USA, as well as 
	

directly from Africa to Europe described by Pepin (13) and confirmed by Worobey et al (14) 
	
	
1.1.3 HIV treatment 

	

From 1982 to 1986, it was only the OIs in AIDS patients that could be treated. Zidovudin 

(AZT), a nucleoside analogue, was introduced in 1986; it was very effective in patients with 

HIV dementia as first described by (15) and then confirmed by Portegies (16). This drug also 

led to improved quality of life and weight gain, as well as decreased mortality and frequency 
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of OIs as summarized by Fischl et al (17). The HIV infection, however, usually progressed 

after a year with more OIs and related deaths. The effect of AZT on HIV dementia seemed to 

persist after more nucleoside analogues were introduced in 1991-1994, and it was discovered 

that combination therapy had a better effect on the disease. In 1996, a new combined 

antiretroviral treatment (ART) was introduced with dramatic effects on the quality and life 

expectancy of AIDS patients. This combination included a new drug class, the protease 

inhibitors (PI). HIV infects T-cells, especially CD4+ cells, dendritic cells, macrophages and 

microglia of the brain. It has several effects on the immune system; the killing of CD4+ T- 

cells (CD4+ cells) is a direct effect on the cellular immunity function and activation of B- 

cells producing antibodies that can interfere with body antigens, leading to autoimmunity.(18) 

Many of these B-cells do not produce effective antibodies against microbes, as seen in a 

deficient vaccine response study (Amu et al)(19). These defects in B-cells also influence the 

function of T-cells. Finally, even in patients undergoing successful ART treatment, there is a 

massive killing of CD4+ cells in the lymph glands (i.e. pyroptosis) described by Doitsh et al 

and Munoz-Aries et al (20, 21)leading to release of cytokines producing a chronic 

inflammatory reaction that can drive arteriosclerosis and cancer development. 

	
1.1.4 CMV infection 

	

Cytomegalovirus (CMV) is a beta-herpes virus that replicates in almost all cell types, such as 

blood cells, epithelial and endothelial cells and hepatocytes. The typical inclusion bodies seen 

in nuclei of CMV-infected cells were first described in 1881 by Ribbert. (22) A viral agent 

was suspected to cause these changes. The term Cytomegalia was used for the first time by 

Goodpasture and Gilbert in 1921. Mother-to-child transmission in utero was described in 

1950(18). Three different research groups originally isolated CMV strains in 1956. In 1960, 

the name CMV was proposed by Weller, who also isolated the virus from the urine of 

children with general CMV disease. Since then, many different detection methods have been 

developed. It also became apparent that CMV is an important pathogen in mother-to-child 

transmission and in patients with immunodeficiency. Organs that can be infected with CMV s 

include: Multiple infection of ductal epithelial cells such as salivary gland, gastrointestinal 

tract and epithelial cells of the inner ear, Eyes (retina), brain and peripheral nerves, pancreas, 

adrenal glands kidney, lung and thyroid glands 
	
CMV infection is ubiquitous and occurs in many animals, including primates. The oldest 

known CMV discovered is an oyster CMV believed to be 500 million years old. A 

phylogenetic tree of alfa, beta and gamma herpes viruses from (McGeoch et al)(23, 24) is 

shown in Figure 1 
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Figure 1. 
	
	

 
	
	
The phylogenetic tree shows the relationship between alpha-, beta- and gamma- herpes 

viruses in different species. The names of human herpes viruses are in bold. 
	
In humans, CMV is transmitted from 50% of infected mothers to their babies in connection 

with breastfeeding. After infancy, the virus is transmitted by kissing among teenagers (CMV 

accounts for 10% of clinical mononucleosis cases). The infection rate gradually increases 

during adulthood, leading to 70-80% eventually being infected with the virus. In certain 

groups, such as gay men with HIV infection, more than 95 % are infected. Children do not 

have serious symptoms of CMV infection if they are not infected during pregnancy; however, 

congenital infection can lead to serious encephalitis with severe sequelae. After infection, 

CMV remains latent, usually in blood cells. The virus usually does not cause any problems 

except in cases of immune deficiency, related for instance to chemotherapy, especially for 

lymphoma and leukaemia(25), or therapy associated with bone marrow or solid organ 

transplantation. (26-30). The lymphocyte antibody therapies used for malignancies and 

autoimmune diseases also cause severe immunosuppression (29, 31). Especially antibodies 
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against T-cells can generate an immunodeficiency similar to that in advanced HIV infection. 

It can also be a problem in patients ill with critical burns.(32-34). 

	
1.1.5 HIV and CMV co-infection 

	

In HIV-patients CMV emerged as a major pathogen, it was already described in the first 

reports as a possible cause of the new immune deficiency (2, 3) and during the following 

years numerous reports on CMV-disease was published (35-46). Interaction between HIV 

and CMV was discussed in some of the papers and CMV has also been reported to influence 

the natural history of HIV-infection (47). The main focus during this period was on CMV- 

Retinitis (CMV-R) that was the easiest to diagnose (36, 48-51) but many case reports and 

autopsy studies have also been published on CMV-encephalitis (CMV-E)(7, 35, 37, 40, 52) 

CMV-polyneuropathy (53) and CMV-colitis (54, 55). Case reports on CMV-adrenalitis 

(CMV-A) has been published as well as autopsy studies (56-61). But no cohort studies or 

other studies trying to get a full overview of the development of CMV-infection in these 

patients had been published. 
	
After the introduction of c-ART in 1996-7 the incidence of CMV-disease has decreased. One 

reason is the rapid restoration of CMV specific CD4+ cells (62). However, CMV-disease is 

still an important issue in low income countries (63-66). In recent years Freeman et al, has 

published a paper on CD8 cell expansion and inflammation linked to CMV- co-infection in 

patients with well controlled HIV-infection (67, 68) a sign that CMV-infection might still 

contribute to morbidity in HIV-infected patients. Ndumbi et al have found that delay in ART 

treatment results in persistent immune defects for many years especially if the patient initiate 

treatment with CD+ counts < 200x 106/mL (69). Gianella et al has found that replication of 

human herpes viruses, especially CMV is associated with higher HIV DNA levels during 

ART treatment. (70-73). They also found that replication of CMV in semen is associated 

with higher HIV-DNA levels (72, 74). A study by Lichtner et al of more than 6000 patients 

with HIV-infection has also shown that CMV-co-infection is associated with an increased 

risk of severe Non-AIDS defining events (75). 
	
	
1.1.6 Development of diagnostic methods  for HIV and CMV 
	
1.1.7 HIV 

	

During the period 1985-1996, serology was used to diagnose and confirm the HIV infection. 

HIV antigen determination was also used and the syncytium-forming properties of the HIV 

virus were also studied. Rapid-high versus slow-low replication of HIV can determine 

affinity for CXCR4 or CCR5 receptors. However, these properties of the virus have not been 
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included in this thesis, as preliminary data had shown CXCR4-reactive virus in 90% of AIDS 

patients that had been previously treated (76). Detection of viral HIV-RNA in serum/blood 

became available in 1996. We started to perform HIV-PCR diagnosis during the second half 

of 1996. 

	
1.1.8 CMV 

	

Serology in blood, the pp65 antigen test, virus isolation, rapid antigen assays, CMV-PCR in 

whole blood with ethylene diamine tetra acetic acid (EDTA) as anticoagulant are the 

available analysis methods (25, 77-79). PCR in blood and cerebrospinal fluid (CSF) were 

introduced in the first months of 1992.(80) In 1996, quantitative CMV-PCR testing was 

gradually introduced in the clinical setting. Neither quantitative CMV-PCR assays nor 

quantification of HIV are covered in this thesis, since they were not available at the time. 

	
1.1.9 Treatment of opportunistic infections 

	

As HIV treatment had limited effect, we focused on prophylaxis against PCP and 

toxoplasmosis, as well as screening for and treating OIs and incident opportunistic cancers 

(OC) as soon as the patients presented with symptoms. When patients had been treated for 

OIs such as PCP, toxoplasmosis or Mycobacterium avium complex (MAC) infection, they 

were given lifelong secondary prophylaxis. CMV-infection was treated with foscarnet as 

first-line therapy from 1988 (81, 82) and ganciclovir in addition from 1989. Diagnostic tools 

consisted of blood tests, blood and cell cultures, X-rays, computed tomography (CT) scans, 

magnetic resonance imaging (MRI), as well as biopsies from skin and lymph glands and, 

occasionally, liver and bone marrow. We decided early on that we would not perform brain 

biopsies, as it would pose too big a risk and as the rapid development of PCR testing and 

other CSF analyses would provide more accurate diagnosis (83). 

	
1.1.10. History  of HIV and AIDS diagnosis at Venhälsan 

	

One of the 41 first reported AIDS patients was a Danish citizen (1) and many of us thus 

expected that it was only a matter of time before this new disease would appear in the 

Scandinavian countries. In response to this, an initiative by several physicians, in 

collaboration with the Department of Venerology at Stockholm South General Hospital, The 

Swedish Institute for Infectious Disease Control and The Swedish Association for Sexual 

Equality led to the opening of an outpatient clinic called Venhälsan. Its purpose was to test 

gay men for sexually transmitted infections (STIs) and attempt to detect signs of the new 

immune deficiency syndrome. In the beginning, the clinic was only open in the evenings and 

all tests and examinations could be performed anonymously. All symptoms suspected to be 
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caused by STIs were treated at the clinic as described by Moberg et al (84), but if there were 

signs of AIDS the patients were referred to the Infectious Diseases Clinic at Roslagstull 

Hospital. Several of these first patients were described in Morfelt Månson’s thesis in 1989 

(85). As mentioned above, HIV testing became available in 1985 and, beginning in 1986, 

Venhälsan was open five days a week in order to take care of the increasing number of HIV- 

positive patients. In November 1988, an inpatient ward for AIDS patients was opened; the 

care offered included treatment of all OIs, Kaposi sarcoma, and postoperative care after 

surgery as well as palliative care. The staff included a chef to make as good and nutritious 

food as possible for the patients. Initial treatment of patients with malignant lymphoma was 

in the haematological department. In January 1994, the Maria Regina Hospice began to care 

for some of our most ill patients. At the outset, over 90% of patients with diagnosed AIDS 

died within 2-3 years. 
	
The number of patients with HIV infection that died each year in the Stockholm metropolitan 

area between 1983 and 2014 are shown in Figure 2. The decline in 1988 represents the 

introduction of AZT and the decline after 1996 represents the introduction of ART. 
	
Figure 2 

	

 
	

	
After 1997 most of the patients died of non-AIDS related diseases but still a few patients 

have died of AIDS during these years, mostly if they present with a long-lasting PCP or a 

malignant lymphoma. These patients are called “late testers” or “late presenters”. 
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.A graphic presentation of how AIDS developed in HIV-infected patients before the 

introduction of ART is shown in Figure 3 from Stewart (86). 
	
Figure 3 

	
	

 
	
Figure 3 illustrates clinical symptoms and syndromes developing in cases of HIV infection. 

With decreasing CD4+ count, more serious opportunistic infections and cancers appear. 
	
	
	
	
2 AIMS 

	

The studies in this thesis aimed at investigating: 
	
	

1.   The causes of death in all Venhälsan patients, from diagnosis of the HIV infection to 

death, between 1989 and 1996 

2.   All OIs and OCs in patients who died with CD4+ counts below 100 x 106/mL 
	

3.   The prevalence of CMV encephalitis (CMV-E) and Korsakoffs syndrome (Paper 1) 
	

4.   CMV retinitis (CMV-R) in relation to CMV-E (Paper II) 
	

5.   CMV adrenalitis (CMV-A) and its relation to CMV-R and CMV-E, including 

comparison of CMV assessment by PCR in blood and the Synacthen test 

6.   The correlation between CMV disease and other OIs and OCs (Papers I, II and III) 
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7.   The interaction between CMV, Epstein Barr virus (EBV) and other human herpes 

viruses in a case of anaplastic large cell lymphoma (ALCL) 

	
2.1.1 Materials and Methods 
	
2.1.2 Study cohort 

	

This study cohort was followed prospectively and analysed retrospectively. It consists of 254 
	

HIV-infected patients at Venhälsan who were inpatients and/or outpatients from diagnosis to 

death during1989-1996. When patients had a fever and a CD4+ count of <100 x 106/mL, 

isolation of CMV pp65 antigen (beginning in 1989) or CMV-PCR (beginning in 1992) in 

leukocytes were performed. Patients received toxoplasmosis prophylaxis if their CD4+ cell 

count was <100x106/mL and they were seropositive for toxoplasmosis antigen in blood. From 

1988, patients were given PCP prophylaxis when the CD4+ count was <100x106/mL. 
	
	
As mentioned above, all patients that had been treated for PCP, toxoplasmosis, MAC 

infection, CMV-R or CMV-E received lifelong secondary prophylaxis. All patients were 

given HIV treatment, consisting of AZT from 1989, didanosine (ddI) from 1991 and then in 

combination with zalcitabine (ddC), stavudine (d4T) and/or lamuvidin (3TC) from 1992 and 

onwards. Autopsy, including the brain, was performed if permitted by the patient or his next 

of kin. Patients were diagnosed with AIDS according to the CDC criteria (87), including 

occurrence of OIs (bacterial infections, candidiasis, CMV, toxoplasmosis, PCP, tuberculosis 

(TB), or OCs (Kaposi’s sarcoma, malignant lymphoma, etc) and fever or diarrhoea lasting 

one month or a 10% body weight loss within a month. 

	
2.1.3 Database 

	

The database was constructed as an Excel file. Coded identification numbers were routinely 

given to the Venhälsan patients at the time of the investigation. Data on OIs/OCs in the 

central nervous system (CNS) and results of lumbar puncture (LP), CT, MRI, and 

neurological consultations, as well as demographic data, were compiled in the database. 

CD4+ counts analysed within three months prior to death were also registered. The cohort 

was divided into two groups, the first comprising patients who died with a CD4+ count of 

<100x106/mL after a long disease course with increasing OIs/OCs and gradually diminishing 
	

CD4+ count. The second group consisted of patients who died with a CD4+ count of 
	

>100x106/mL after a short disease course and no apparent OIs/OCs. All data from CNS 
	

autopsy reports, body autopsy reports and patient records were retrieved. 
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2.1.4 Autopsies 
	

Body autopsies were performed according to standard protocols (Rokitansky technique) at the 

Department of Pathology, Karolinska University Hospital in Huddinge. Visceral organs were 

fixed in formaldehyde and paraffin-embedded. CMV, bacterial infections, MAC, 

Cryptococcus, Candida, Toxoplasma, Aspergillus, Cryptosporidium and Pneumocystis carinii 

were assessed microscopically. Non-infectious diseases assessed at autopsy were CNS 

lymphoma, Kaposi’s sarcoma, liver failure, heart failure, cardiovascular disease (CVD) and 

cachexia. 
	
CNS autopsies were performed, according to standard protocols, by Inger Nennesmo, 

pathologist at the Department of Pathology, Karolinska University Hospital in Huddinge. 

Brain biopsies or brain slices were fixed in 4% formaldehyde and paraffin-embedded for 2 

weeks to 2 months (to reduce infectivity). The brain was sectioned in the coronal plane. 

Tissue samples from frontal, temporal and occipital cortex; medulla oblongata; pons; 

midbrain; cerebellum; hippocampus; basal ganglia; thalamus and white matter were collected 

and analysed. Macroscopic focal lesions were sampled for histological analysis. Each tissue 

was stained with haematoxylin-eosin and the white matter was stained with Luxol fast blue. 

Basal ganglia, caudate nucleus, mesencephalon, pons, medulla oblongata and cerebellum 

were also examined macroscopically. 
	
Microscopic examination, immunohistochemistry (IHC) and in situ hybridization (ISH) were 

performed on each tissue sample that was stained with haematoxylin-eosin for diagnosis of 

OIs, OCs and HIV-E. Special histochemical staining (Periodic acid-Shiff, Gomori-Grocott, 

Ziehl-Neelsen, Gram staining, Giemsa) was performed if bacterial, fungal or MAC infections 

were suspected. 
	
CMV, lymphoma and HIV were routinely tested by IHC, performed with monoclonal 

antibodies against CMV (monoclonal antibody CCH2), HIV (anti-p24 antibody) and B-cells 

(monoclonal antibody L26 against CD20). Toxoplasma and syphilis infection were identified 

with polyclonal antiserum for IHC. CMV, JC virus (named after the first patient)-DNA and 

EBV-DNA were also confirmed by ISH if suspected in the brain. JC-virus is the cause 

progressive multifocal leukoencephalopathy (PML). 

	
2.1.5 Lumbar puncture and cerebrospinal fluid,  samples and analysis 

	

CSF was sampled when patients complained of headache and fever and no other cause could 

be found. LP was also done if patients had neurological symptoms such as seizures, memory 
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loss and confusion, especially when the CD4+ count was <50x106/mL. LP was 

contraindicated in patients showing symptoms of high intracranial pressure. 
	
If LP was performed, the analyses included number of cells, glucose, proteins, cytology, 

bacterial culture, mycobacterial culture, Cryptococcus antigen, CMV-, EBV-, and JC-PCR, 

Toxoplasma gondii antigen and syphilis (Wassermann reaction). 

	
2.1.6 Diagnosis of adrenal insufficiency with the Synacthen  test 

	

In patients with CD4 counts <100x106/mL and clinically suspected adrenal insufficiency a 

Synacthen test was performed. Several patients were tested at more than one occasion. The 

Synacthen test in our hands was the first pathological test obtained for each patient. The 

cortisone levels in blood were measured before injection of Synacthen, and 30 and 60 

minutes thereafter. Interpretation of the test is basal and/or stimulated plasma concentration 

of cortisone above 500 nmol/L- standard level - is considered normal and an increase of 200 

nmol/L at 30 or 60 minutes after stimulation is also considered to reflect normally 

functioning adrenal glands.(88, 89) A higher basal and/or stimulated level of 700 nmol/L - 

modified level - for normal response to ACTH has been used as recommended by Cooper and 

Henzen (90, 91). Cortone treatment was given to all patients with pathological Synacthen test 

at the standard level. 

	
2.1.7 Computed  tomography and magnetic  resonance  imagining 

	

CT or MRI was performed if patients had neurological symptoms or if OIs/OCs in the brain 

were suspected. CT/MRI findings were retrieved from medical records. 

	
2.1.8 Clinical  examination 

	

Neurological examination was performed on patients with symptoms from the central and/or 

peripheral nervous system by Ritva Pirskanen-Matell, neurologist at the Department of 

Neurology, Stockholm South General Hospital. Data was retrieved from medical records. 
	
The neurological examinations assessed the cranial nerves, sensory and motor systems. The 

following cognitive tests were performed: orientation, talking, reading, writing, calculating, 

drawing a face, copying a three-dimensional drawing, ability to separate left from right, 

ability to understand abstract meanings, gnosis and praxis. Memory examination included 

repeating six numbers and the short-memory test included remembering five items after three 

minutes and re-reporting a text after reading it. The long-term memory test was to recall what 

had happened the preceding year. To differentiate HIV-E from other causes of encephalitis, 
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the finger tapping test, verbal fluency, connecting consecutive numbers, connecting 

consecutive numbers and letters and digit symbol tests were performed. 
	
Ophthalmological examination was performed by an experienced ophthalmologist 

specialized in retinal pathology. 

	
2.1.9 Treatment of opportunistic infections 

	

The different OIs were treated according to national guidelines at the time of the study. 
	
	
2.1.10 Statistical analysis 

	

The IBM Statistical Package of Software Science (SPSS) 23 was used for analysis of the 

means and standard deviations. Calculations were undertaken with Fisher´s two-tailed exact 

test. The Mc-Nemar’s test was used to analyse differences between two CMV methods in 

Paper I. 

	
2.1.11 Ethical considerations 

	

The study was approved by the Ethics Committee at the Karolinska Institute, Stockholm (Dnr 
	

168/01) 
	
	

3 RESULTS AND DISCUSSION 
	
	
	
	
Table one shows all the patients in the cohort. All were males and from the Stockholm area. 

Median age of diagnosis of HIV was median 35 years (range 23-65), Death with CD+ counts 

of > 100 x 106/mL was 45 years (31-65) and death with CD4+ counts < 100 x 106/mL was 42 

years (28-73) 
	
Table 1 Total cohort 

	
	

	

Patients that died with CD4 + counts < 100 x 106/mL 
	

219 

	

Patients that died with CD4+ counts > 100 x 106/mL 
	

23 
	

Patients not eligible for the cohort or lost to follow-up 
	

12 
	

Total 
	

254 
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Table 2 shows the causes of death in the smaller group of patients with a better preserved 
immune system. 
	
 Table 2. Causes of death in patients with CD4+ counts > 100 x 106/mL   

	

Diagnosis No. of patients No. of patients with 
alcohol as contributing 

	 factor to death 

	

Cardiomyopathy 
	

5 
	

5 
	

Suicide 
	

5 
	

5 
	

Cancer with metastases 
	

3 
	

0 
	

Malignant lymphoma 
	

2 
	

0 
	

Cerebral infarction 
	

2 
	

0 
	

Sudden cardiac death 
	

2 
	

0 
	

Dissecting aortic aneurysm 
	

1 
	

1 
	

Encephalitis of unknown cause 
	

1 
	

0 
	

Hypoglycaemic coma 
	

1 
	

1 
	

Accident 
	

1 
	

0 
	

Total 
	

23 
	

12 

	

	
	
	
And Table 3 shows causes of death in the patients with severe immune deficiency. 
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Table 3. Causes of death in patients that died with CD4+ counts < 100 x 106/mL n=219 
	

Cause of death No. of 
patients 

No. of CMV-PCR+ 
patients 

	

CMV disease 
	

106 
	

104 
	

MAC infection 
	

58 
	

54 
	

Kaposi’s sarcoma 
	

49 
	

46 
	

Toxoplasmosis 
	

29 
	

20 
	

Malignant lymphoma 
	

22 
	

22 
	

CNS lymphoma 
	

20 
	

19 
	

Cardiovascular disease 
	

12 
	

11 
	

PCP 
	

11 
	

10 
	

Progressive multifocal 
leukoencephalopathy (PML) 

	

11 
	

5 

	

Cryptosporidium infection 
	

9 
	

8 
	

Suicide 
	

5 
	

4 
	

Possible adverse reaction to drugs or 
unknown factor 

	

5 
	

5 

	

HIV encephalitis 
	

4 
	

2 
	

Cryptococcal meningitis 
	

3 
	

3 
	

Other cancers 
	

3 
	

3 
	

HIV wasting 
	

2 
	

1 
	

Cysticercosis 
	

1 
	

0 
	

Herpes simplex encephalitis? 
	

1 
	

1 
	

Aspergillus pneumonia 
	

1 
	

1 
	

Pulmonary tuberculosis 
	

1 
	

1 
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In the table, all patients with suspected CMV-disease are included, many died of CMV-E. If 

not diagnosed by a neurologist, they were not included in the Paper I, II and III. 
	
Table 4. CMV infections in HIV-infected patients who died with CD4+ counts < 100 x 

	

106/mL 
	
	

	

CMV manifestation 
	

n 
	

CMV-PCR positive 
	

187 
	

CMV retinitis 
	

84 
	

CMV encephalitis 
	

65 
	

CMV adrenalitis 
	

41 
	

CMV in the gastrointestinal tract 
	

21 
	

CMV colitis 
	

13 
	

CMV esophagitis 
	

5 
	

CMV gastritis and/or duodenitis 
	

3 

	

	
	
	
CMV-E, CMV-R and CMV-A will be described in Paper I, II and III. 

	
	
3.1.1 CMV-infection in the gastrointestinal tract 

	

Eight of the patients with CMV colitis have been reported by Söderlund et al.(92) These 

patients underwent surgery, four hemicolectomy or four iliocecal resection with good results 

and no sequelae in spite of their severe immune deficiency. Of the 21 patients with CMV in 

the gastrointestinal tract three died of PCP, one of toxoplasmosis, one of cryptosporidiosis, 

and one of K S and pneumonia not long after diagnosis of CMV-disease. 
	
Of the last 15 patients nine got CMV-R and nine CMV-E. Thus, the course of the CMV- 

reactivation in these patients was first diagnoses by CMV-PCR in the blood, then 

gastrointestinal CMV within one to six months and finally CMV-R and CMV-E within 18 

months after the gastrointestinal CMV. Most of these patients got treatment with foscarnet in 

courses of seven days every 42 days (six weeks) but that did not prevent development of 



15 
	

CMV-A, E and R, however it might have delayed the development of the late manifestations 

of CMV. 

	
3.1.2 CMV in the blood 

	

Table 5. Blood parameters at the first positive CMV-antigen or CMV-PCR test, n = 187 
	
	
	
	
	
	

Test Median (range) 
	
	

Haemoglobin, g/L 113 (70-157) 
	
	

White blood count 109/mL 3,2 (1,0-23,80) 
	
	

Absolute neutrophil count, 109/mL 1,9 (0-9.3) 
	
	

Platelets, 1012/mL 170 (13-606) 
	
	

CD4+ count, 106/mL 20 (1-220) 
	
	

CD8+ count, 106/mL 430 (20-1750) 
	
	

CD4+/CD8 ratio 0,07 (0,0-0,7) 
	
	
	
	
	
The blood parameters show (as expected) low CD4+ and CD8+ counts and very low 

CD4+/CD8+ ratios when the first sign of CMV infection appeared, Haemoglobin, white 

blood count (WBC) and absolute neutrophile count (ANC) were also low. 
	
At the time of CMV testing, most patients were not taking medications that suppressed bone 

marrow function. These low values are thus probably due to the reactivated CMV infection in 

combination with advanced HIV-infection. AZT can suppress the bone marrow in a few per 

cent of patients, these patients, with the typical AZT related anaemia, were instead given 

another nucleoside analogue. 

	
3.1.3 Causes of death in the whole cohort 

	

In the patients that died with CD4+ counts of > 100 x 106/mL, the primary causes of death 

were cardiovascular disease (CVD) in ten, cancer with metastases in five and suicide in five 

cases. Half of the patients had alcohol problems stated in their medical records. From the 
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beginning of the epidemic, we knew that gay men with alcohol or drug problems were at a 

high risk of becoming HIV-infected. 
	
In the cohort of patients that died with CD4+ counts < 100 x 106/mL, the dominant causes of 

death were CMV disease, MAC infection, malignant lymphoma and Kaposi’s sarcoma. 
	
All but 2% were CMV-seropositive at the study start, which explains the high rates of CMV 

activation and disease in our cohort. Our findings are similar to autopsy studies like Monforte 

(56, 93, 94) MAC is very common in water in the Nordic countries which can explain the 

many MAC infections.(95) Only one patient died from pulmonary TB. Five patients 

presented with TB, four with pulmonary TB and one with colitis. Four were cured from their 

TB infection and survived several years before they died of progressive HIV disease. Four of 

the five contracted the infection in another European country or in the US. Death from PCP 

only occurred in 5% of patients, probably due to effective PCP prophylaxis. Toxoplasmosis is 

not so common in the Swedish population (23% are seropositive) (96) which might explain 

the relatively low incidence in our material. We also gave prophylactic treatment to all 

Toxoplasma-seropositive patients. 
	
It is interesting that there were 5% cardiovascular deaths, of which 92% were CMV-PCR 

positive in blood, indicating CMV reactivation. All patients in this group died outside 

hospital and underwent forensic autopsy, i.e. the presence of CMV in the heart or brain was 

not investigated. CMV is increasingly suspected of contributing to CVD in HIV-negative 

populations.(97, 98) 
	
Five patients had committed suicide and they were all severely ill with several OIs at the 

time. 
	
For a more detailed investigation of CMV role in the course of the HIV infection in these 

patients, we studied CMV-E and the Korsakoff syndrome (Paper I), CMV-E and CMV-R 

(Paper II), CMV-A and the correlation to CMV-PCR in blood, CMV-E and CMV-R (Paper 

III), as well as the consequences of an acute CMV infection in a CMV-seronegative HIV- 

infected patient with a well-preserved immune system (Paper IV). 

	
4 CMV ENCEPHALITIS AND THE KORSAKOFF 

SYNDROME (PAPER I) 
	

In the first study, we investigated why several of our patients contracted Korsakoff syndrome. 

The Wernicke-Korsakoff syndrome was first described in 1881 by Wernicke (99) as an acute 

encephalopathy with global confusion, memory disturbances, ophthalmoplegia, nystagmus 
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and unsteadiness of gait. If the patient is not treated when presenting with these symptoms, 

this condition will develop into a chronic encephalopathy, the so called Korsakoff syndrome, 

characterized by progressive dementia, apathy, confabulation, non-violent psychosis and 

peripheral polyneuropathy. Vitamin B1 (thiamine) deficiency is believed to be the cause of 

Wernicke encephalopathy and it can be reversed by thiamine substitution in large doses. 
	
Victor (99) demonstrated neuropathological lesions around the third and fourth ventricle of 

the brain, especially in the surrounding thalamus, hypothalamus, mammillary bodies and 

olive nuclei. He found necrosis and haemorrhagic lesions in these areas. The affected areas 

also include the Papez circuit or limbic system. The limbic system was first believed to be the 

circuit that controls emotions, but is today considered to be the main circuit for establishing 

memory.(100) 
	
The clinical diagnosis was made by a neurological examination combined with CSF analysis, 

	
	
because CT and MRI has not the sensitivity to diagnose Korsakoff syndrome. Typical 

macroscopic and microscopic signs of CMV infection in Korsakoff syndrome are shown in 

Figures 4 and 5. 
	
To be as certain of the diagnosis as possible, we decided to study only the CMV-E patients 

who had been examined by a neurologist less than six months before death. CSF was taken 

from all patients and CT and MR scans were done in most patients. 
	
4.1.1 Results 

	
	
Half of the 34 patients had Korsakoff syndrome. Autopsy was performed in 24 of the 34 

patients and in 13 of the 17 patients with Korsakoff syndrome. We found CMV infection with 

varying degrees of necrosis and micro nodules around the third and fourth ventricles in all 34 

patients. Furthermore, we also found CMV infection in the hypothalamus and hippocampus 

in all patients and in the mammillary bodies and the olive nuclei in several patients, especially 

the Korsakoff patients. Figure 4 shows a section of the brain and Figure 5 shows typical 

microscopical findings in our patients with CMV-E 
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Figure 4 
	
	

 
	
	

Cross-section of a human brain. The red lines indicate the lining of the third and fourth ventricles. These are 
typical locations for CMV-infected cells. In most patients, there was also CMV infection in other parts of the 
brain. 

	
Figure 5 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Microscopic image of CMV infection in the same area; haematoxylin-eosin staining on the left and Lyxol fast 

blue staining on the right. Typical CMV-infected cells and inflammation are seen in both slides. 

	
We did not observe the haemorrhages and necrosis described by Victor; nor did we see other 

OIs in the same areas, with the exception of toxoplasmosis in some individuals. It seems as if 

the Korsakoff syndrome in these patients is caused by changes in the same areas as described 

by Victor and is part of a more generalised CMV infection in the CNS and the whole body. 
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Our patients often had fever, a slight headache and, in some cases, bizarre psychotic 

symptoms as well. 
	
Table 6. Cerebrospinal fluid findings in 34 patients, at 0-6 months before death. Mean 

	

(range) is shown. 
	
	
	

Mononuclear Polynuclear Protein Glucose CMV-PCR 
cells cells positive 

	

2 (0-82) 
	

0 (0-32) 
	

0,34 (0,2-1,7) 
	

mg/mL 

	

2,4 (0,14-2,9) 
	

mg/mL 

	

25/31 

	
	
	
The findings in CSF, including in patients with very advanced HIV and CMV infections, the 

CSF was often devoid of mononuclear and polynuclear cells and mostly exhibited a normal 

protein pattern. Overall, our results are in accordance with other studies by Sundström et al 

and Hagberg et al (101-104). We found that CMV-PCR was positive in 81% of the samples 

taken. 
	
In Table 7, patients with CMV-E with and without Korsakoff syndrome are listed with their 

OIs, OCs and other intercurrent conditions. Some were heavy alcohol users, as noted in their 

medical records. There were no statistically significant differences between the respective 

occurrence of other OIs or OCs. There were more heavy alcohol users in the Korsakoff group 

but the difference was not statistically significant. CMV-A seems to be more prevalent in the 

CMV-E group without Korsakoff. A diagnosis of CMV-A infers that the patients had been 

given cortisone treatment, which might have had a protective effect on the brain. On the 

other hand, the Korsakoff patients might have had undiagnosed adrenal insufficiency, adding 

to the symptoms of CMV in the brain. An interesting finding is that there was more 

polyneuropathy in the Korsakoff group. Polyneuropathy is a common feature of CMV in HIV 

patients(105). However, the number of patients in this study is small, so it is difficult to draw 

any firm conclusions. 
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Table 7 Intercurrent conditions in patients with CMV encephalitis with and without 
	

Korsakoff syndrome 
	
	

CMV-E 

N=17 

CMV-EK 

N= 17 

Statistical 
significance 
	

P 
	
	
	

Heavy alcohol drinker 1 6 0,078 
	
	

Polyneuropathy 12 2 <0.001 
	
	

CNS OI/OC 
	
	

PML 0 3 NS 
	
	

Toxoplasmosis 0 1 NS 
	
	

CNS lymphoma 1 2 NS 
	
	

Systemic OI/OC 
	
	

Kaposi´s sarcoma 5 3 NS 
	
	

MAC infection 9 10 NS 
	
	

Other CMV disease 16 17 NS 
	
	

CMV-R 16 16 NS 
	
	

CMV-A 15 6 <0.01 
	
	

CMV colitis 0 1 NS 
	
	
p- value derived by Fisher’s exact test (two tailed) 

	
	
Abbreviations: CMV-E: CMV encephalitis; CMV-EK: CMV-E with Korsakoff syndrome; 

OI: opportunistic infection; CNS: central nervous system; OC: opportunistic cancer; PML: 

progressive multifocal leucoencephalopathy; CMV-R: CMV retinitis; CMV-A: CMV 

adrenalitis 
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5 THE CORRELATION BETWEEN CMV RETINITIS AND 
CMV ENCEPHALITIS (PAPER II) 

	

In this study, we investigated all patients with a diagnosis of CMV-R, focusing on the extent 

of the eye infection, the outcome of specific CMV treatment and possible correlations with 

CMV-E diagnosed ante mortem or at autopsy. We also correlated the CMV-R diagnosis to 

other OIs in these patients as well as to patients that did not have CMV-R. CMV-R was 

divided into unilateral and bilateral disease, in order to investigate any difference in therapy 

outcome or late complications. We also investigated whether central or peripheral CMV-R 

influenced the outcome. 
	
We found that CMV-R was the most common CMV manifestation as well as the most 

common OI in our cohort. There was a highly significant correlation between CMV-R, 

CMV-E and CMV-A. There was a lower, but significant, correlation with MAC infection, but 

not with other OIs. There was a statistically significant correlation between patients that did 

not have CMV-R and toxoplasmosis. This might be explained by the fact that many patients 

contract toxoplasmosis at a higher CD4+ count, together with the bad prognosis of 

toxoplasmosis. Thus these patients did not live long enough to get the low CD4+ counts 

where CMV-R develops. There was no statistical difference with regard to response to 

treatment or late complications, such as retinal detachment, central retina destruction or 

CMV-E. Only 50 % had a regression at the first ophthalmological check-up at two- three 

weeks after initiation of treatment. Most patients progressed slowly despite combination 

treatment. A more positive outcome was that vision was maintained in 75%, while only 25% 

totally lost vision (visual acuity < 0.1) in the affected eye. Survival was poor in both groups 

and no statistically significant difference in survival duration was noted between them. In the 

whole group, median survival was 207 days (range 3-817). In the autopsied patients that had 

CMV-E, the CMV-infected cells and CMV antigen were clearly visible despite intensive 

antiviral treatment for CMV for more than half a year. The overall impression was that the 

specific CMV treatment had had a limited effect, in contrast to the CMV treatment effect in 

patients with immunodeficiency from other causes than HIV infection. 
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6 CMV-ADRENALITIS: THE VALUE OF SYNACTHEN 

TESTS AND CMV-PCR IN BLOOD (PAPER III) 
	

In this study, we investigated all patients with a positive CMV-PCR for adrenalitis if they had 

fatigue, hypotension (blood pressure < 100/70 mm Hg), nausea and/or diarrhoea. The adrenal 

glands are shown in Figure 6. They consist of medulla, developed from the ectoderm 

embryological plate (same as the brain), and cortex, derived from the mesodermal 

embryological plate. The cortical cells secrete cortisone, aldosterone and 

dehydroepiandrosterone (DHEA); the medulla cells secrete epinephrine and nor epinephrine. 

All of these hormones are important for survival, but cortisone is the most important because 

insufficient cortisone secretion can be an acute life-threatening condition. Other organs, such 

as the liver, can take over the production of epinephrine and nor-epinephrine, for example, so 

insufficiency of the adrenal medulla will not produce symptoms as fast as insufficiency of the 

cortex. Addison’s disease, first described by Thomas Addison in 1855, is characterized by 

fatigue, hypotension, nausea, diarrhoea and extreme pigmentation of the skin and the lines in 

the palm. The pigmentation is caused by compensatory release of adrenocorticotropic 

hormone (ACTH) and melanocyte-stimulating hormone (MSH) from the pituitary. Classic 

Addison’s disease is most often caused by an autoimmune disorder or by TB. The disease 

develops slowly over several years. Elevated serum potassium and decreased serum sodium 

are typical findings. The author Jane Austen and the American president J.F. Kennedy are 

two famous Addison’s patients. 
	
	
	

 
	
	
	
Figure 6. Adrenal glands, palmar hyper pigmentation 
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The position of the adrenal glands and the adrenal cortex and medulla are shown to the left. 

The typical hyper pigmentation of lines in the palm seen in Addison’s disease is shown to the 

right. 
	
To diagnose adrenalitis a Synacthen test (Figure 7) was performed in these cases. 

Figure 7 Synacthen test 

 
	
	
Figure 7 shows the increase in cortisone levels after injection of Synacthen. The left-hand 

curve shows the standard level values. The modified level would be a line 200 nmol/L above 

the dark blue line in the figure. The right-hand test was not used. 

	
6.1.1 Clinical  symptoms and findings 

	

The majority of the patients had symptoms and therefore thus underwent a Synacthen test. At 

that time, we only treated patients if the Synacthen test was pathological based on the 

standard level. Even if the test was pathological according to only one of the two criteria for 

the standard level definition, treatment was also administered. All patients improved 

dramatically. Seven patients went into a typical Addison´s crisis when medication was 

forgotten or another infection developed rapidly. These patients improved again on increased 

cortisone therapy. 

	
6.1.2 Autopsy findings 

	

Of the 46 investigated patients with CMV-A, 44 had macroscopically atrophic adrenal 
glands, according to the autopsy report. In 41 of the analysed adrenal glands, we discovered 
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typical signs of inflammation, necrosis and atrophy, and typical CMV cells were found in 
most of them. These findings were most prominent in the adrenal medulla but the structure 
of the cortex was also severely damaged (Figure 2 in Paper IV) and replaced by 
inflammation, CMV cells and atrophy. 
	
6.1.3 Clinical  symptoms correlated to other CMV-manifestations 

	

Symptoms of adrenalitis were strongly correlated with positive CMV-PCR in blood p<0.001, 

CMV-A p<0.001, CMV-E (p<0.001) and CMV-R (p<0.01), but not with CMV in the 

gastrointestinal tract (p=0.08). There was a minor significant correlation between CMV-A 

and malignant lymphoma (p=0.03), (we found malignant lymphomas in two of the patients 

with CMV-A) but not with any other OI or OC. Thus, a positive CMV-PCR in blood is a 

good marker of CMV infection in the adrenal glands. 

	
6.1.4 Synacthen  tests 

	

We considered two interpretations of the Synacthen test results in CMV-A. As the patients 

obviously had other OIs, a higher threshold could be applied when interpreting the test results 

(90, 91) have shown that a higher threshold can be applied in patients under stress. The 

higher threshold would also apply to the Synacthen tests that did not quite fulfil the criteria 

with the standard level definition. There was a better correlation between test results and 

CMV-A if the modified level was applied, but we still failed to detect all CMV-A with the 

Synacthen test. Indeed, seven (14%) cases of typical CMV-A had normal Synacthen tests. In 

all the Synacthen tested patients we did not see the typical increase in potassium, decrease in 

sodium or the increased skin pigmentation associated with longstanding adrenalitis. This may 

be because CMV-A seems to develop rapidly within months and is accompanied by other 

CMV manifestations, such as CMV-R and CMV-E. These other CMV-induced diseases may 

obscure the symptoms of CMV-A. Another explanation could be that CMV-A develops so 

rapidly that the patients only contracted minor symptoms of CMV-A before they died of 

CMV-E. 
	
We found a high incidence (91%) of CMV-A, consistent with previous autopsy reports (106). 

In addition only two other OIs (PCP and Kaposi’s sarcoma) were found. They caused minor 

pathology in the adrenal glands and were probably not the cause of the adrenalitis symptoms. 

We also found a very strong correlation between adrenalitis symptoms and reactivation of 

CMV infection, CMV-A, CMV-E and CMV-R. 
	
The correlation between autopsy findings and the Synacthen test results was not very strong, 

but the rapidly developing CMV-A and the fact that we did not examine both adrenal glands 
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microscopically might be two reasons for this. In fact, there have not, to our knowledge, been 

any studies published during the last 50 years, comparing results of Synacthen tests with 

adrenal gland findings at autopsy (Pub med search 2017). 

	
7 ANAPLASTIC LARGE CELL LYMPHOMA, PRIMARY 

CMV-INFECTION, HHV-8 INFECTION AND EBV 
REACTIVATION (PAPER IV) 

	
In our first three studies, we investigated the role of reactivated CMV infection in patients 

with advanced HIV infection. In this paper, we describe another disease caused by a primary 

CMV infection and other human herpes viruses in a patient with an HIV infection and well- 

preserved immune status. 
	
A young man with an HIV infection detected two years earlier, and who was healthy without 

treatment, fell ill with fatigue, fever and enlarged lymph glands and spleen. He was admitted 

to our inpatient unit. Blood tests, including WBC and differential count were performed. 

They revealed lymphocytosis and cells typical for mononucleosis, which might have been 

due to CMV or EBV infection. Blood tests for CMV and EBV were taken. However, the 

patient’s health did not improve. The lymph glands in the neck, axillae and spleen continued 

to increase in size, as did the liver. 
	
Figure 8 Blood differential count image (haematoxylin-eosin staining). 

	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Red blood cells and enlarged Mackinlay cells are seen in both panels. Such abnormal cells are seen in acute or 

primary CMV and EBV infections and are of T-cell origin (activated CD8 cells). 

	
A malignancy such as lymphoma was suspected. A bone marrow aspirate, a liver biopsy and 

a biopsy from a neck lymph gland were performed. The lymph gland only showed reactive 

inflammation at initial assessment and no lymphoma was found in the liver or bone marrow 

aspirates at that time. Later test results from the blood samples taken at admittance showed 

positive CMV-PCR and the patient was treated with foscarnet, with good effect initially. His 
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fever disappeared and his health improved. Then he suddenly deteriorated and died. Autopsy 

revealed a generalized malignant lymphoma in the lymph glands, spleen, liver and bone 

marrow (Figure 9). The immediate cause of death was adult respiratory distress syndrome 
	
The lymphoma was classified as an adult large cell lymphoma (ALCL). A re-evaluation of the 

lymph node from the neck showed a small focus of the same lymphoma. All blood samples 

taken before and after the lymphoma onset were analysed for CMV, EBV and HIV, since we 

suspected that these viruses might have influenced the lymphoma development. Later, herpes 

simplex virus (HSV) 1 and 2, varicella zoster virus (VZV) and human herpes virus (HHV)-6, 

-7 and -8 assays were added. It emerged that the patient had a latent EBV infection that was 

reactivated by a primary CMV infection. Moreover, he had a HHV-8 infection with rapidly 

increasing HHV-8 and EBV-PCR levels at the same time as the tumour developed. The 

development of IgM antibodies to HHV-8 suggested a primary HHV-8 infection. The strong 

inflammation induced by the primary CMV infection might have activated the carcinogenic 

properties of both EBV and HHV-8, causing the fatal lymphoma. EBV is believed to cause 

most of the lymphomas in HIV patients,(107) and HHV-8 also contributes (108). None of 

them have previously been described in connection with ALCL in AIDS patients. To our 

knowledge this is also the first time that an interaction between three herpes viruses causing a 

malignant lymphoma is described. The other five herpes viruses 

were not activated or believed to be involved in the development of the lymphoma. 
	
	
Figure 9 

	
	
Adult large cell lymphoma cells (magnification x 10, insert x 40) 
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8 CONCLUSIONS 
	

Reactivated CMV infection was the most important OI in this cohort of gay men with HIV 

infection as 87% were CMV-antigen or CMV-PCR positive in blood. Ninety-eight percent of 

them had acquired the CMV infection previously, as determined by serology tests. The most 

important clinical manifestations were CMV-E, CMV-R and CMV-A. This is in contrast to 

most reports on AIDS-patients, which find CMV-retinitis and CMV-colitis to be the most 

common CMV-manifestations. In these reports CMV-A and CMV-E are not systematically 

investigate. 
	

CMV also, in this study, seems to be the most important factor in causing death, often in 

combination with other OIs. 
	

The typical cause of CMV-reactivation is The results of these studies are of importance for 

all HIV patients, irrespective of gender, transmission route of the HIV-infection, as the 

majority of HIV infected patients are co-infected with both viruses. It is also important to 

acknowledge that reactivated CMV infection is mainly manifested in the brain, retina and 

adrenal glands, in contrast to the CMV manifestations in induced immune deficiency during 

chemotherapy for tumours or immunosuppressive therapy after transplantation. One 

explanation for this could be that these two viruses, which both are neurotropic, interact 

differently compared to immune deficiency from different causes. The combination of CMV 

and HIV is considered a significant risk even in HIV patients taking ART both (109). As we 

have shown antiviral treatment for CMV had limited effects in these co-infected patients 

before ART for HIV infection became available. Thus, when CMV is detected in HIV- 

infected patients, ART treatment should begin as soon as possible. The natural history of 

HIV and CMV infection in co-infected patients has thus been described in this cohort of male 
	

HIV patients studied before ART became available. The findings have significance for: 
	
	

1.   All HIV-infected patients with CD4+ counts < 100 x 106/mL 
	

2.   HIV infections discovered late, in so-called late testers 
	

3.   Patients with limited access to HIV treatment 
	

4.   Other patients treated with immunosuppressive therapy, especially those treated with 

anti-T-lymphocyte antibodies 

5.   Bone marrow transplant or solid organ transplant recipients 
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The studies in this thesis also add knowledge concerning the nature CMV - infection: 
	
	
1. Knowledge about the natural course when treatment is not available 

	
	
2. Knowledge about CMV-adrenalitis and its relation to CMV-retinitis and CMV-encephalitis 

	
	
3. Knowledge about the neurotropic nature of CMV in patients co-infected with HIV 

	
	
4. Knowledge about the influence of primary CMV infection on the gamma herpes viruses 

	
	

EBV and HHV-8 in rapidly progressing malignant lymphomas 
	
	
5. Possible contribution to our understanding of the influence of CMV in the aging process 
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9 FUTURE PERSPECTIVES, RESEARCH ON CO- 
INFECTED PATIENTS 

	

In recent years, the focus of CMV research has been on its possible role in arteriosclerosis in 

patients without HIV-infection. Most studies have been based on serology studies, showing 

that people with positive CMV serology carry a higher risk of arteriosclerosis. Furthermore, 

the interaction between HIV and CMV has been recently been highlighted by Gianella et al 

(71, 110). 
	
In these studies patients with reactivation of CMV for shorter periods of time in HIV-patients 

has been investigated. 
	
Many of the patients at Venhälsan that survived after being given ART during 1996-1998 

were CMV-PCR positive in blood and some have also had CMV-R. A few have had CMV-E. 
	
These patients have had a longer lasting CMV-reactivation (for months to a year) as 

measured by CMV-PCR. Thus we are planning a follow-up study of all these patients with 

focus on the late effects of CMV reactivation, including residual symptoms after subclinical 

CMV-E, CMV-A and also arteriosclerosis. We have noted an increased incidence of chronic 

pancreatitis, pancreatic insufficiency as well as gout in many of our patients and will 

investigate if that could be related to longstanding HIV and CMV co-infection. An 

investigation of patients that had had a significant CMV reactivation measured with CMV- 

PCR in blood might provide new information on the interaction between HIV and CMV. 
	
We and others have noticed that 90% of the patients have the CXCR4 virus in the blood 

when they have AIDS-defining diseases (76). It would be interesting to know if it is the 

CXCR4 form that contributes to the development of CMV-infection in these co inthese co- 

infected patients. 
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10 PRACTICAL GUIDELINES FOR DIAGNOSING CMV- 
ADRENALITIS, - ENCEPHALITIS AND -RETINITIS IN 
HIV-INFECTED PATIENTS AND RAPIDLY 
PROGRESSING LYMPHOMAS. 

	
	
	

1.   When a HIV-infected patient has a CD4+ count < 100 x 106/mL, CMV-PCR 

should be analysed in blood. If positive, an ophthalmological examination is 

indicated, as well as a neurological examination, to detect signs of CNS 

involvement. 

2.   If a CMV-retinitis is diagnosed, the possibility of CMV-encephalitis should be 

investigated both by clinical neurological examination and lumbar puncture. A 

Synacthen test should also be performed if the patient has signs of adrenal 

insufficiency. ACTH and aldosterone should be analysed together with the 0 

sample for cortisone. In case of pathological results, continue as in point 4. 

3.  If CMV encephalitis is diagnosed, both CMV and HIV encephalitis should be 

investigated by neurological examination and lumbar puncture, with analysis of 

HIV, CMV, EBV, toxoplasmosis and syphilis antigens. A Synacthen test should 

also be performed. 

4.   If CMV adrenalitis is suspected, a Synacthen test should be performed together 

with ACTH, aldosterone, testosterone and sexual hormone binding protein 

(SHBG) analyses. 

5.   The Synacthen test should be interpreted at the modified level presented in Paper 
	

III. 
	

6.   Do not forget that a patient with HIV and reactivated CMV-infection can have 

more opportunistic infections at the same time. 

7.   If a very rapidly progressing malignant lymphoma in an HIV patient is found, 

blood PCR for CMV, EBV and HHV-8 should be tested and the patient should be 

given initial treatment for CMV with foscarnet or ganciclovir. The patient should 

subsequently be administered chemotherapy appropriate to the type of lymphoma 

and be continuously monitored with PCR tests for virus infection. 



	

	



33 
	

	



	

	



35 
	

	



	

	



37 
	

ACKNOWLEDGEMENTS 
	

First all my patients and their relatives, struggling with disease and always allowing me 
to take blood tests, biopsies and allowing autopsy. They all wanted to contribute to research 
in this new and frightening disease. “You can take any blood test and biopsy. We must all 
learn from this and not suffer in vain” as several patients said. 
All staff at Department 53 and G3 Stockholm South General Hospital during 1989-96 
who worked so hard caring for the patients, easing physical and psychologic pain and 
finding solutions to all kinds of problems during these years. 
Professor Ingemar Ernberg my main supervisor for endless support, patience, stimulating 
discussions about research, science and life and friendship. Your weekly research meetings 
have been an oasis and inspiration for 14 years. I´m very grateful that you could take over 
as main supervisor when Anneka died. 
Professor Anneka Ehrnst My late supervisor for introducing me to lab research, stringent 
analysis of lab methods and how they should be used in the clinic. Also for teaching me 
statistics, especially Fishers exact test so I could do it in the middle of the night. Her 
generosity towards her students when we were visiting art museums, opera or bowling halls 
together is an example to follow. 
Co supervisor Börje Åkerlund for big support, encouraging me to continue with the work 
after the half time seminar, supplying a lot of interesting articles on CMV in HIV-patients, 
the Synacthen test at the modified level and thorough revision of the manuscripts. 
Co supervisor Professor Eric Sandström, my boss during the period of the study, for 
support during all these years and not least for allowing me to take all the tests needed for 
this analysis. 
Co supervisor Assistant Professor Inger Nennesmo for teaching me the pathology of the 
brain, helping with all the analysis of adrenals to get a better picture of the CMV-infection 
in the adrenals and good company on the fantastic cruise to Antarctica 
Dr Bo Hedquist for treating all our patients so well and sharing all his ophthalmology data 
with me. 
Dr Claes Söderlund and Dr Lennart Engström for performing surgery with great skill 
and care in our patients with CMV-infection in the gastrointestinal tract. 
My student M D Johan Bergenström, who succeeded in building the big database, 
analyses of the Synacthen tests for friendship, good discussions and not least for suggesting 
that I get cats. 
M D Paniz Erfani for good work in the compilation of retinitis data, extending our 
database and discussions on statistics. 
M D Anders Quaglia for compiling the serology of all patients in the database. All 
my co-authors for stimulating discussions and revisions of the manuscripts. Ywonne 
Lindqvist my former boss at the Department of Venhälsan for great help and 
support during a difficult period, when I needed a break from Venhälsan and the Hospice 
Maria Regina. 
Dr Lena Lindborg my current boss at the Department of Infectious Diseases/Venhälsan 



38 
	

for great help and support since 2011. 
Peter Hugo our mental counselor during these years for helping us to manage all the 
emotions of the patients and of our own. 
My fellow Ph D students Dr Lotta Pramanik and Rozina Caridha for great times 
together in Anneka’s Group. 
All other members of Ingmar’s group, Gösta, Liudmilla,  Barbro, LiFu, Anna 
Birgersdotter, Li-Sophie, Elvira, Imran, Andrey, Xiaoying for sharing your experiences 
in research, good and interested feedback on my presentations and good time together. 
Professor Francesca Chiodi, my mentor at Karolinska Instituet for many valuable 
scientific discussions, great support and friendship. 
Professor Britta Wahren for revising manuscripts and great mental support. 
The staff at Maria Regina Hospice who cared for many patients in the last days of their 
lives. 
Gun and Stig Ekblad my oldest friends after moving to Sweden for supporting me during 
all these years for love, friendship, excellent food and housing when I worked in 
Norrköping the second time. 
The members of Dinner Club: Anne-Christine, Margareta, Torbjörn (co-author), Pia, 
Ingemar, Auni and Bosse for 35 years of friendship, good food, an unforgettable journey 
in South Turkey. Another important oasis during these years. 
Professor Birgitta Evengård my mentor when I became an infectious disease specialist 
for friendship, our good discussions on science, infectious disease, gender issues and 
Climate change not forgetting fantastic vacations in Zanzibar, Abu Dhabi and Hemavan. 
Jan Lindqvist who took so god care of me when I started at Venhälsan and Svante Nielsen 
who has helped writing my conference reports, for many years of friendship and fantastic 
adventures in Hemavan in Lapplandia. 
Lilla My and Rufus, my cats teaching me how to relax and that I´m not the center of the 
universe. 
Finally, my sister Alexandra (Lillan) and niece Mette-Marie (Mimi) 
for endless love and support, interest in my work and all our wonderful time and journeys 
together. 



39 
	

11 REFERENCES 
	

1.  Kaposi's sarcoma and Pneumocystis pneumonia among homosexual men--New York City 
and California. MMWR Morbidity and mortality weekly report. 1981;30(25):305-8. 

	

2.  Opportunistic infections and Kaposi's sarcoma among Haitians in the United States. 
MMWR Morbidity and mortality weekly report. 1982;31(26):353-4, 60-1. 

	

3.  Pneumocystis carinii pneumonia among persons with hemophilia A. MMWR Morbidity 
and mortality weekly report. 1982;31(27):365-7. 

	
4.  Possible transfusion-associated acquired immune deficiency syndrome (AIDS) - 
California. MMWR Morbidity and mortality weekly report. 1982;31(48):652-4. 

	

5.  Masur H, Michelis MA, Greene JB, Onorato I, Stouwe RA, Holzman RS, et al. An 
outbreak of community-acquired Pneumocystis carinii pneumonia: initial manifestation of 
cellular immune dysfunction. The New England journal of medicine. 1981;305(24):1431-8. 

	
6.  Anders K, Steinsapir KD, Iverson DJ, Glasgow BJ, Layfield LJ, Brown WJ, et al. 
Neuropathologic findings in the acquired immunodeficiency syndrome (AIDS). Clinical 
neuropathology. 1986;5(1):1-20. 

	
7.  Edwards RH, Messing R, McKendall RR. Cytomegalovirus meningoencephalitis in a 
homosexual man with Kaposi's sarcoma: isolation of CMV from CSF cells. Neurology. 
1985;35(4):560-2. 

	

8.  Welch K, Finkbeiner W, Alpers CE, Blumenfeld W, Davis RL, Smuckler EA, et al. 
Autopsy findings in the acquired immune deficiency syndrome. JAMA : the journal of the 
American Medical Association. 1984;252(9):1152-9. 

	

9.  Cavaille-Coll M, Messiah A, Klatzmann D, Rozenbaum W, Lachiver D, Kernbaum S, et 
al. Critical analysis of T cell subset and function evaluation in patients with persistent 
generalized lymphadenopathy in groups at risk for AIDS. Clinical and experimental 
immunology. 1984;57(3):511-9. 

	
10. Stringer JR, Beard CB, Miller RF, Wakefield AE. A new name (Pneumocystis jiroveci) 
for Pneumocystis from humans. Emerging infectious diseases. 2002;8(9):891-6. 

	

11. Klatzmann D, Champagne E, Chamaret S, Gruest J, Guetard D, Hercend T, et al. T- 
lymphocyte T4 molecule behaves as the receptor for human retrovirus LAV. Nature. 
1984;312(5996):767-8. 

	

12. Barre-Sinoussi F, Chermann JC, Rey F, Nugeyre MT, Chamaret S, Gruest J, et al. 
Isolation of a T-lymphotropic retrovirus from a patient at risk for acquired immune deficiency 
syndrome (AIDS). Science. 1983;220(4599):868-71. 

	

13. Jacques P. The origins of AIDS. New York: Cambridge University Press; 2011. 293 p. 
	

14. Worobey M, Watts TD, McKay RA, Suchard MA, Granade T, Teuwen DE, et al. 1970s 
and 'Patient 0' HIV-1 genomes illuminate early HIV/AIDS history in North America. Nature. 
2016. 

	

15. Yarchoan R, Berg G, Brouwers P, Fischl MA, Spitzer AR, Wichman A, et al. Response 
of human-immunodeficiency-virus-associated neurological disease to 3'-azido-3'- 
deoxythymidine. Lancet. 1987;1(8525):132-5. 



40 
	

16. Portegies P, de Gans J, Lange JM, Derix MM, Speelman H, Bakker M, et al. Declining 
incidence of AIDS dementia complex after introduction of zidovudine treatment. BMJ 
(Clinical research ed). 1989;299(6703):819-21. 

	
17. Fischl MA. State of antiretroviral therapy with zidovudine. AIDS (London, England). 
1989;3 Suppl 1:S137-43. 

	

18. PD G, VC E. Cytomegalovirus. In: D R, R W, F H, editors. Clinical Virology. New York: 
Churchill Livingstone Inc; 1997. p. 445-70. 

	
19. Amu S, Ruffin N, Rethi B, Chiodi F. Impairment of B-cell functions during HIV-1 
infection. AIDS (London, England). 2013;27(15):2323-34. 

	

20. Doitsh G, Galloway NL, Geng X, Yang Z, Monroe KM, Zepeda O, et al. Cell death by 
pyroptosis drives CD4 T-cell depletion in HIV-1 infection. Nature. 2014;505(7484):509-14. 

	

21. Munoz-Arias I, Doitsh G, Yang Z, Sowinski S, Ruelas D, Greene WC. Blood-Derived 
CD4 T Cells Naturally Resist Pyroptosis during Abortive HIV-1 Infection. Cell host & 
microbe. 2015;18(4):463-70. 

	

22. Riley HD, Jr. History of the cytomegalovirus. Southern medical journal. 1997;90(2):184- 
90. 

	

23. McGeoch DJ, Gatherer D, Dolan A. On phylogenetic relationships among major lineages 
of the Gammaherpesvirinae. The Journal of general virology. 2005;86(Pt 2):307-16. 

	

24. McGeoch DJ, Rixon FJ, Davison AJ. Topics in herpesvirus genomics and evolution. 
Virus research. 2006;117(1):90-104. 

	

25. Barkholt L, Lore K, Tyden G, Lewensohn-Fuchs I, Andersson J, Ericzon BG, et al. 
Determination of cytomegalovirus DNA load for monitoring of cytomegalovirus disease and 
antiviral treatment in solid organ transplant patients, comparing limiting-dilution PCR and 
hybrid capture assay with cytomegalovirus isolation. Clinical microbiology and infection : 
the official publication of the European Society of Clinical Microbiology and Infectious 
Diseases. 1999;5(2):78-87. 

	
26. Nagai S, Mangus RS, Anderson E, Ekser B, Kubal CA, Fridell JA, et al. Cytomegalovirus 
Infection After Intestinal/Multivisceral Transplantation: A Single-Center Experience With 
210 Cases. Transplantation. 2016;100(2):451-60. 

	
27. Tsai KC, Danziger-Isakov LA, Banach DB. Cytomegalovirus Infection in Pediatric Solid 
Organ Transplant Recipients: a Focus on Prevention. Current infectious disease reports. 
2016;18(2):5. 

	
28. Ljungman P. Risk of cytomegalovirus transmission by blood products to 
immunocompromised patients and means for reduction. British journal of haematology. 
2004;125(2):107-16. 

	

29. Le Clech L, Ianotto JC, Quintin-Roue I, Tempescul A. Severe CMV complication 
following maintenance therapy with rituximab. BMJ case reports. 2013;2013. 

	

30. Giakoustidis D, Antoniadis A, Fouzas I, Sklavos A, Giakoustidis A, Ouzounidis N, et al. 
Prevalence and clinical impact of cytomegalovirus infection and disease in renal 
transplantation: ten years of experience in a single center. Transplantation proceedings. 
2012;44(9):2715-7. 

	
31. Limaye AP, Kirby KA, Rubenfeld GD, Leisenring WM, Bulger EM, Neff MJ, et al. 
Cytomegalovirus reactivation in critically ill immunocompetent patients. JAMA : the journal 
of the American Medical Association. 2008;300(4):413-22. 



41 
	

32. Chan TS, Cheung CY, Yeung IY, Hwang YY, Gill H, Wong IY, et al. Cytomegalovirus 
retinitis complicating combination therapy with rituximab and fludarabine. Annals of 
hematology. 2015;94(6):1043-7. 

	
33. Bordes J, Goutorbe P, Montcriol A, Boret H, Dantzer E, Meaudre E. Cytomegalovirus 
reactivation in critically ill burn patients: it's time to worry about it! Critical care (London, 
England). 2014;18(1):410. 

	
34. Al-Omari A, Aljamaan F, Alhazzani W, Salih S, Arabi Y. Cytomegalovirus infection in 
immunocompetent critically ill adults: literature review. Annals of intensive care. 
2016;6(1):110. 

	
35. Hawley DA, Schaefer JF, Schulz DM, Muller J. Cytomegalovirus encephalitis in acquired 
immunodeficiency syndrome. American journal of clinical pathology. 1983;80(6):874-7. 

	

36. Mintz L, Drew WL, Miner RC, Braff EH. Cytomegalovirus infections in homosexual 
men. An epidemiological study. Annals of internal medicine. 1983;99(3):326-9. 

	

37. Levy RM, Pons VG, Rosenblum ML. Central nervous system mass lesions in the 
acquired immunodeficiency syndrome (AIDS). Journal of neurosurgery. 1984;61(1):9-16. 

	
38. Reichert CM, O'Leary TJ, Levens DL, Simrell CR, Macher AM. Autopsy pathology in 
the acquired immune deficiency syndrome. The American journal of pathology. 
1983;112(3):357-82. 

	

39. Moskowitz LB, Gregorios JB, Hensley GT, Berger JR. Cytomegalovirus. Induced 
demyelination associated with acquired immune deficiency syndrome. Archives of pathology 
& laboratory medicine. 1984;108(11):873-7. 

	

40. Post MJ, Hensley GT, Moskowitz LB, Fischl M. Cytomegalic inclusion virus encephalitis 
in patients with AIDS: CT, clinical, and pathologic correlation. AJR American journal of 
roentgenology. 1986;146(6):1229-34. 

	

41. Jabs DA, Newman C, De Bustros S, Polk BF. Treatment of cytomegalovirus retinitis with 
ganciclovir. Ophthalmology. 1987;94(7):824-30. 

	

42. Ferreiro J, Vinters HV. Pathology of the pituitary gland in patients with the acquired 
immune deficiency syndrome (AIDS). Pathology. 1988;20(3):211-5. 

	
43. Nelson JA, Reynolds-Kohler C, Oldstone MB, Wiley CA. HIV and HCMV coinfect brain 
cells in patients with AIDS. Virology. 1988;165(1):286-90. 

	

44. Webster A, Grundy JE, Lee CA, Emery VC, Cook DG, Kernoff PB, et al. 
Cytomegalovirus infection and progression to AIDS. Lancet. 1989;2(8664):681. 

	

45. Vinters HV, Kwok MK, Ho HW, Anders KH, Tomiyasu U, Wolfson WL, et al. 
Cytomegalovirus in the nervous system of patients with the acquired immune deficiency 
syndrome. Brain : a journal of neurology. 1989;112 ( Pt 1):245-68. 

	
46. Webster A, Phillips AN, Lee CA, Janossy G, Kernoff PB, Griffiths PD. Cytomegalovirus 
(CMV) infection, CD4+ lymphocyte counts and the development of AIDS in HIV-1-infected 
haemophiliac patients. Clinical and experimental immunology. 1992;88(1):6-9. 

	

47. Sinicco A, Raiteri R, Sciandra M, Dassio G, Bechis G, Maiello A. The influence of 
cytomegalovirus on the natural history of HIV infection: evidence of rapid course of HIV 
infection in HIV-positive patients infected with cytomegalovirus. Scandinavian journal of 
infectious diseases. 1997;29(6):543-9. 



42 
	

48. Studies of ocular complications of AIDS Foscarnet-Ganciclovir Cytomegalovirus 
Retinitis Trial: 1. Rationale, design, and methods. AIDS Clinical Trials Group (ACTG). 
Controlled clinical trials. 1992;13(1):22-39. 

	
49. Jabs DA, Green WR, Fox R, Polk BF, Bartlett JG. Ocular manifestations of acquired 
immune deficiency syndrome. Ophthalmology. 1989;96(7):1092-9. 

	

50. Drew WL. Cytomegalovirus infection in patients with AIDS. Clinical infectious diseases : 
an official publication of the Infectious Diseases Society of America. 1992;14(2):608-15. 

	
51. Peters BS, Beck EJ, Anderson S, Coleman D, Coker R, Main J, et al. Cytomegalovirus 
infection in AIDS. Patterns of disease, response to therapy and trends in survival. The Journal 
of infection. 1991;23(2):129-37. 

	

52. Arribas JR, Storch GA, Clifford DB, Tselis AC. Cytomegalovirus encephalitis. Annals of 
internal medicine. 1996;125(7):577-87. 

	
53. Bale JF, Jr. Human cytomegalovirus infection and disorders of the nervous system. 
Archives of neurology. 1984;41(3):310-20. 

	

54. Dieterich DT, Rahmin M. Cytomegalovirus colitis in AIDS: presentation in 44 patients 
and a review of the literature. Journal of acquired immune deficiency syndromes (1999). 
1991;4 Suppl 1:S29-35. 

	
55. Francis ND, Boylston AW, Roberts AH, Parkin JM, Pinching AJ. Cytomegalovirus 
infection in gastrointestinal tracts of patients infected with HIV-1 or AIDS. Journal of clinical 
pathology. 1989;42(10):1055-64. 

	
56. Brantsaeter AB, Liestol K, Goplen AK, Dunlop O, Bruun JN. CMV disease in AIDS 
patients: incidence of CMV disease and relation to survival in a population-based study from 
Oslo. Scandinavian journal of infectious diseases. 2002;34(1):50-5. 

	
57. Eledrisi MS, Verghese AC. Adrenal insufficiency in HIV infection: a review and 
recommendations. The American journal of the medical sciences. 2001;321(2):137-44. 

	

58. Dore GJ, Marriott DJ, Duflou JA. Clinico-pathological study of cytomegalovirus (CMV) 
in AIDS autopsies: under-recognition of CMV pneumonitis and CMV adrenalitis. Australian 
and New Zealand journal of medicine. 1995;25(5):503-6. 

	
59. Pulakhandam U, Dincsoy HP. Cytomegaloviral adrenalitis and adrenal insufficiency in 
AIDS. American journal of clinical pathology. 1990;93(5):651-6. 

	

60. Prasanthai V, Sunthornyothin S, Phowthongkum P, Suankratay C. Prevalence of adrenal 
insufficiency in critically ill patients with AIDS. Journal of the Medical Association of 
Thailand = Chotmaihet thangphaet. 2007;90(9):1768-74. 

	
61. Hoshino Y, Nagata Y, Gatanaga H, Hosono O, Morimoto C, Tachikawa N, et al. 
Cytomegalovirus (CMV) retinitis and CMV antigenemia as a clue to impaired adrenocortical 
function in patients with AIDS. AIDS (London, England). 1997;11(14):1719-24. 

	
62. Hsu DC, Kerr SJ, Iampornsin T, Pett SL, Avihingsanon A, Thongpaeng P, et al. 
Restoration of CMV-specific-CD4 T cells with ART occurs early and is greater in those with 
more advanced immunodeficiency. PloS one. 2013;8(10):e77479. 

	

63. Colby DJ, Vo DQ, Teoh SC, Tam NT, Liem NT, Lu D, et al. Prevalence and predictors of 
cytomegalovirus retinitis in HIV-infected patients with low CD4 lymphocyte counts in 
Vietnam. International journal of STD & AIDS. 2013;25(7):516-22. 



43 
	

64. Durier N, Ananworanich J, Apornpong T, Ubolyam S, Kerr SJ, Mahanontharit A, et al. 
Cytomegalovirus viremia in Thai HIV-infected patients on antiretroviral therapy: prevalence 
and associated mortality. Clinical infectious diseases : an official publication of the Infectious 
Diseases Society of America. 2013;57(1):147-55. 

	
65. Chakraborty A, Mahapatra T, Mahapatra S, Ansari S, Siddhanta S, Banerjee S, et al. 
Distribution and determinants of cytomegalovirus induced end organ disease/s among people 
living with HIV/AIDS in a poor resource setting: observation from India. PloS one. 
2015;10(2):e0117466. 

	

66. Bates M, Brantsaeter AB. Human cytomegalovirus (CMV) in Africa: a neglected but 
important pathogen. Journal of virus eradication. 2016;2(3):136-42. 

	
67. Freeman ML, Mudd JC, Shive CL, Younes SA, Panigrahi S, Sieg SF, et al. CD8 T-Cell 
Expansion and Inflammation Linked to CMV Coinfection in ART-treated HIV Infection. 
Clinical infectious diseases : an official publication of the Infectious Diseases Society of 
America. 2015. 

	

68. Freeman ML, Lederman MM, Gianella S. Partners in Crime: The Role of CMV in 
Immune Dysregulation and Clinical Outcome During HIV Infection. Current HIV/AIDS 
reports. 2016;13(1):10-9. 

	

69. Ndumbi P, Falutz J, Pant Pai N, Tsoukas CM. Delay in cART initiation results in 
persistent immune dysregulation and poor recovery of T-cell phenotype despite a decade of 
successful HIV suppression. PloS one. 2014;9(4):e94018. 

	

70. Gianella S, Anderson CM, Var SR, Oliveira MF, Lada SM, Vargas MV, et al. Replication 
of Human Herpesviruses Is Associated with Higher HIV DNA Levels during Antiretroviral 
Therapy Started at Early Phases of HIV Infection. 2016;90(8):3944-52. 

	
71. Gianella S, Letendre S. Cytomegalovirus and HIV: A Dangerous Pas de Deux. The 
Journal of infectious diseases. 2016;214 Suppl 2:S67-74. 

	

72. Gianella S, Scheffler K, Mehta SR, Little SJ, Freitas L, Morris SR, et al. Seminal 
Shedding of CMV and HIV Transmission among Men Who Have Sex with Men. 
International journal of environmental research and public health. 2015;12(7):7585-92. 

	

73. Massanella M, Fromentin R, Chomont N. Residual inflammation and viral reservoirs: 
alliance against an HIV cure. Current opinion in HIV and AIDS. 2016;11(2):234-41. 

	

74. Gianella S, Massanella M, Richman DD, Little SJ, Spina CA, Vargas MV, et al. 
Cytomegalovirus replication in semen is associated with higher levels of proviral HIV DNA 
and CD4+ T cell activation during antiretroviral treatment. Journal of virology. 
2014;88(14):7818-27. 

	

75. Lichtner M, Cicconi P, Vita S, Cozzi-Lepri A, Galli M, Lo Caputo S, et al. 
Cytomegalovirus coinfection is associated with an increased risk of severe non-AIDS- 
defining events in a large cohort of HIV-infected patients. The Journal of infectious diseases. 
2015;211(2):178-86. 

	

76. Grutzmeier S, Sandstrom E. C-reactive protein levels in HIV complicated by 
opportunistic infections and infections with common bacterial pathogens. Scandinavian 
journal of infectious diseases. 1999;31(3):229-34. 

	

77. Ehrnst A, Barkholt L, Brattstrom C, Czajkowski J, Teodosiu O, Tollemar J, et al. 
Detection of CMV-matrix pp65 antigen in leucocytes by immunofluorescence as a marker of 
CMV disease. Journal of medical virology. 1993;39(2):118-24. 



44 
	

78. Ljungman P, Lonnqvist B, Gahrton G, Ringden O, Wahren B. Cytomegalovirus-specific 
lymphocyte proliferation and in vitro cytomegalovirus IgG synthesis for diagnosis of 
cytomegalovirus infections after bone marrow transplantation. Blood. 1986;68(1):108-12. 

	
79. Quarner H, Grutzmeier S, Lewensohn-Fuchs I, Hejdeman B, Sandstrom E, Ehrnst A. 
CMV PCR in leucocytes as an early marker for the development of CMV disease in AIDS 
patients. Scandinavian journal of infectious diseases Supplementum. 1995;99:94-5. 

	
80. Ehrnst A, Barkholt L, Lewensohn-Fuchs I, Ljungman P, Teodosiu O, Staland A, et al. 
CMV PCR monitoring in leucocytes of transplant patients. Clinical and diagnostic virology. 
1995;3(2):139-53. 

	
81. Oberg B. Antiviral effects of phosphonoformate (PFA, foscarnet sodium). Pharmacology 
& therapeutics. 1989;40(2):213-85. 

	
82. Jacobsen MA, van der Horst C, Causey DM, Dehlinger M, Hafner R, Mills J. In vivo 
additive antiretroviral effect of combined zidovudine and foscarnet therapy for human 
immunodeficiency virus infection (ACTG Protocol 053). The Journal of infectious diseases. 
1991;163(6):1219-22. 

	

83. Cinque P, Vago L, Dahl H, Brytting M, Terreni MR, Fornara C, et al. Polymerase chain 
reaction on cerebrospinal fluid for diagnosis of virus-associated opportunistic diseases of the 
central nervous system in HIV-infected patients. AIDS (London, England). 1996;10(9):951- 
8. 

	

84. Moberg L, von Krogh G, Karlsson A, Bratt G, Blaxhult A, Nyman K, et al. 
[Venereological study in Stockholm: 1 in 3 homosexual men had infections requiring 
treatment]. Lakartidningen. 1984;81(30-31):2747-52. 

	

85. Morfeldt-Manson L, Bottiger B, Nilsson B, von Stedingk LV. Clinical signs and 
laboratory markers in predicting progression to AIDS in HIV-1 infected patients. 
Scandinavian journal of infectious diseases. 1991;23(4):443-9. 

	

86. Stuwart G. Could it be HIV. Stuwart G, editor. Kingsgrove, NSW, Australia: Australian 
Medical Publishing Company Limited 1993. 76 p. 

	
87. Schneider E, Whitmore S, Glynn KM, Dominguez K, Mitsch A, McKenna MT. Revised 
surveillance case definitions for HIV infection among adults, adolescents, and children aged 
<18 months and for HIV infection and AIDS among children aged 18 months to <13 years-- 
United States, 2008. MMWR Recommendations and reports : Morbidity and mortality 
weekly report Recommendations and reports / Centers for Disease Control. 2008;57(Rr- 
10):1-12. 

	

88. Wood JB, Frankland AW, James VH, Landon J. A RAPID TEST OF 
ADRENOCORTICAL FUNCTION. Lancet. 1965;1(7379):243-5. 

	
89. Bornstein SR, Allolio B, Arlt W, Barthel A, Don-Wauchope A, Hammer GD, et al. 
Diagnosis and Treatment of Primary Adrenal Insufficiency: An Endocrine Society Clinical 
Practice Guideline. The Journal of clinical endocrinology and metabolism. 2016;101(2):364- 
89. 

	
90. Cooper MS, Stewart PM. Corticosteroid insufficiency in acutely ill patients. The New 
England journal of medicine. 2003;348(8):727-34. 

	

91. Henzen C, Kraenzlin M, Meier C. [Laboratory investigation of endocrine function - 
interpretation of results and pitfalls]. Therapeutische Umschau Revue therapeutique. 
2013;70(8):481-9. 



45 
	

92. Soderlund C, Bratt GA, Engstrom L, Grutzmeier S, Nilsson R, Sjunnesson M, et al. 
Surgical treatment of cytomegalovirus enterocolitis in severe human immunodeficiency virus 
infection. Report of eight cases. Diseases of the colon and rectum. 1994;37(1):63-72. 

	
93. d'Arminio Monforte A, Vago L, Lazzarin A, Boldorini R, Bini T, Guzzetti S, et al. AIDS- 
defining diseases in 250 HIV-infected patients; a comparative study of clinical and autopsy 
diagnoses. AIDS (London, England). 1992;6(10):1159-64. 

	
94. Monforte A, Abrams D, Pradier C, Weber R, Reiss P, Bonnet F, et al. HIV-induced 
immunodeficiency and mortality from AIDS-defining and non-AIDS-defining malignancies. 
AIDS (London, England). 2008;22(16):2143-53. 

	
95. von Reyn CF, Waddell RD, Eaton T, Arbeit RD, Maslow JN, Barber TW, et al. Isolation 
of Mycobacterium avium complex from water in the United States, Finland, Zaire, and 
Kenya. Journal of clinical microbiology. 1993;31(12):3227-30. 

	

96. Birgisdottir A, Asbjornsdottir H, Cook E, Gislason D, Jansson C, Olafsson I, et al. 
Seroprevalence of Toxoplasma gondii in Sweden, Estonia and Iceland. Scandinavian journal 
of infectious diseases. 2006;38(8):625-31. 

	

97. Lee YL, Liu CE, Cho WL, Kuo CL, Cheng WL, Huang CS, et al. Presence of 
cytomegalovirus DNA in leucocytes is associated with increased oxidative stress and 
subclinical atherosclerosis in healthy adults. Biomarkers : biochemical indicators of exposure, 
response, and susceptibility to chemicals. 2014;19(2):109-13. 

	
98. Izadi M, Fazel M, Saadat SH, Nasseri MH, Ghasemi M, Dabiri H, et al. Cytomegalovirus 
localization in atherosclerotic plaques is associated with acute coronary syndromes: report of 
105 patients. Methodist DeBakey cardiovascular journal. 2012;8(2):42-6. 

	
99. Victor M, Adams RD, Collins GH. The Wernicke-Korsakoff syndrome. A clinical and 
pathological study of 245 patients, 82 with post-mortem examinations. Contemporary 
neurology series. 1971;7:1-206. 

	
100.    Pitel AL, Aupee AM, Chetelat G, Mezenge F, Beaunieux H, de la Sayette V, et al. 
Morphological and glucose metabolism abnormalities in alcoholic Korsakoff's syndrome: 
group comparisons and individual analyses. PloS one. 2009;4(11):e7748. 

	
101. Samuelsson K, Pirskanen-Matell R, Bremmer S, Hindmarsh T, Nilsson BY, Persson 
HE. The nervous system in early HIV infection: a prospective study through 7 years. 
European journal of neurology : the official journal of the European Federation of 
Neurological Societies. 2006;13(3):283-91. 

	

102. Hagberg L, Forsman A, Norkrans G, Rybo E, Svennerholm L. Cytological and 
immunoglobulin findings in cerebrospinal fluid of symptomatic and asymptomatic human 
immunodeficiency virus (HIV) seropositive patients. Infection. 1988;16(1):13-8. 

	

103. Marshall DW, Brey RL, Cahill WT, Houk RW, Zajac RA, Boswell RN. Spectrum of 
cerebrospinal fluid findings in various stages of human immunodeficiency virus infection. 
Archives of neurology. 1988;45(9):954-8. 

	
104. Gisslen M, Chiodi F, Fuchs D, Norkrans G, Svennerholm B, Wachter H, et al. 
Markers of immune stimulation in the cerebrospinal fluid during HIV infection: a 
longitudinal study. Scandinavian journal of infectious diseases. 1994;26(5):523-33. 

	
105. Kolson DL, Gonzalez-Scarano F. HIV-associated neuropathies: role of HIV-1, CMV, 
and other viruses. Journal of the peripheral nervous system : JPNS. 2001;6(1):2-7. 



46 
	

106. Markowitz GS, Concepcion L, Factor SM, Borczuk AC. Autopsy patterns of disease 
among subgroups of an inner-city Bronx AIDS population. Journal of acquired immune 
deficiency syndromes and human retrovirology : official publication of the International 
Retrovirology Association. 1996;13(1):48-54. 

	
107. Carbone A, Cesarman E, Spina M, Gloghini A, Schulz TF. HIV-associated 
lymphomas and gamma-herpesviruses. Blood. 2009;113(6):1213-24. 

	

108. Oksenhendler E, Boulanger E, Galicier L, Du MQ, Dupin N, Diss TC, et al. High 
incidence of Kaposi sarcoma-associated herpesvirus-related non-Hodgkin lymphoma in 
patients with HIV infection and multicentric Castleman disease. Blood. 2002;99(7):2331-6. 

	

109. Djawe K, Buchacz K, Hsu L, Chen MJ, Selik RM, Rose C, et al. Mortality Risk After 
AIDS-Defining Opportunistic Illness Among HIV-Infected Persons--San Francisco, 1981- 
2012. The Journal of infectious diseases. 2015;212(9):1366-75. 

	
110. Springer KL, Weinberg A. Cytomegalovirus infection in the era of HAART: fewer 
reactivations and more immunity. The Journal of antimicrobial chemotherapy. 
2004;54(3):582-6. 


